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At Reef Zlements, we are dedicated to fostering healthy marine
ecosystems through innovation, science, and passion.

Our goal is to empower reef aquarium enthusiasts with tools and
knowledge for their success.

Your success is our goal.



PREFACE

The Reef Zlements Hybrid 2 Part Dosing System™ (H2P™) is the
culmination of extensive scientific research of over 270 articles
and books, combined with years of experience keeping marine
aquariums and growing corals in re-circulating systems
(i.e. closed aquariums).

In particular, although we have never met, we would like to
thank Professor Frank J. Millero for his lifelong contribution to
mankind’s knowledge of Chemical Oceanography and also to the
many others who contributed and allowed us to learn and, in part,
develop our products, reaching the point we currently are at.

Above all, we would also like to thank our great Friend, Mr David
Saxby (founder of D-D The Aquarium Solution, our distribution
partner), for the long-life experiences he shares with us daily and
for the most enjoyable time he spends with us.

Finally, we hope that the work we did and continue to do allows

others to address a common challenge reef aquarium enthusiasts

face: maintaining a thriving reef aquarium.
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OVERVIEW

Welcome to the User Manual for the Reef Zlements Hybrid 2
Part Dosing System. Reef Zlements is excited to introduce you
to this cutting-edge solution, which is made to ensure the health
and vitality of your marine ecosystem.

The Reef Zlements H2P™ is a holistic system and methodology
designed with the ethos that reefers should ensure the best
conditions in their aquariums and meet all the nutritional
needs of their corals to keep a healthy aquarium. The H2P™
system ensures your corals thrive by providing them with a
comprehensive range of nutrients.

The H2P™ Dosing System is capable of independently controlling
alkalinity and pH while supplying all other nutrients needed for
sustaining a healthy marine biome. The benefits of this ground-
breaking system ensure reefers can keep their water chemistry
exactly where it needs to be, which means that corals will grow
healthier and faster. You can rest assured that your corals are
getting a complete, balanced nutritional program with the H2P™
Dosing System. This document gives you all the knowledge
required to understand, start, and maintain an H2P™ Dosing
System.

Low pH levels and other inadequate parameter levels can lead
to numerous issues with corals, affecting their health and growth.

Unlike traditional systems that rely solely on bicarbonate or
carbonate (or a mix that cannot be controlled), the H2P™ system




is formulated to supply the right alkalinity source that promotes
ideal pH levels at the right time. The H2P™ system is also
formulated to provide all other needed nutrients, ensuring that

your corals and aquatic biome receive everything they need.

In this manual, we aim to explain the fundamental elements
of scientifically maintaining a successful reef aquarium and to
clear any confusion, misconception or incorrectly disseminated
information surrounding the levels we maintain inreef aquariums,
pH, CO,, bicarbonate, carbonate, and hydroxide as dosing
methods.

We will demonstrate the advantages of a dosing system that
integrates multiple alkalinity sources, providing a more stable
and effective solution for maintaining optimal alkalinity, pH, and
macro and trace element levels in your aquarium.

This manual also explains the importance of the most commonly
used elements that have been scientifically proven to benefit
marine life and corals. While the statements in this manual
are based on scientific evidence, and some sections delve
into scientific concepts underpinned by extensive scientific
references, we have decided to place these references at the
end of the manual. Nonetheless, rest assured that you do not
need a background in science or even to read this entire manual
to use the H2P™ Dosing System effectively (if you want to access
a simplified version, please refer to the H2P™ Quick Start Guide).

Our goal is to simplify its usage and application, making it
accessibletoeveryone whilstexposing the strength of our system

based on science rather than marketing and misconceptions




and to give you the confidence that what we propose is based

on science and our love for the creatures we so much care for
rather than profits. We do recommend, however, that particular
attention is given to the chapters where we provide an overview
of the H2P™ System and the one where we provide a step-by-
step implementation guide, other chapters are perhaps aimed at
the reefers with particular interest in chemistry and biochemistry.

Because we recognise that it is not just a dosing methodology
needed to ensure our reef aquariums’ long-term success,
before using the H2P™ Dosing System, we suggest fulfilling
specific prerequisites. Although these steps are not system-
specific, they are crucial for achieving the best results when
maintaining a reef aquarium. To help you achieve that, this
manual will guide you through some of these prerequisites and
provide a straightforward guide to setting up and operating
your H2P™ dosing system. We are confident that with the H2P™
Dosing System, you will achieve a long-term, prosperous marine

ecosystem with healthy and vibrant corals at its core.




AQUARIUM DOSING

What is a Dosing System?

A reef aquarium dosing system is a critical component for keeping
water chemistry in check for the upkeep of sensitive corals and other
aquatic life found in a closed reef aquarium system. Dosing can be
performed automatically or manually. Nonetheless, it should allow
precise quantities of necessary nutrients to be delivered into the
aquarium. These include alkalinity, calcium, magnesium, potassium,
strontium, trace elements, and other nutrients required for the health
and growth of corals and other marine life.

There are different types of dosing systems which include:

All-in-One Systems: Our InOne is an example of an All-in-One system
that combines multiple components into a single solution. These
systems depend on bacteria metabolising the carbon they contain so
that calcium and carbonates are available to corals.

Multi-Part Systems: Our H2P™ Dosing System falls into this category
and typically consists of two, three, four, or more parts, each delivering
different components.

Alternative Methods: Other means of supplementing a reef aquarium,
such as calcium reactors, which, although not traditionally considered
a dosing system, effectively supply the aquarium with essential




components like carbonates, calcium, and to some extent (if specific
media is added), magnesium. For the success of the reef aquarium
biome as a whole, these typically need to be supplemented with
other macro and trace elements, along with nutrients. Usually, due to
the dependence on COg, this method tends to depress pH, which, if
not counteracted, leads to potentially not-so-good results compared
to the previous methods.

Understanding and utilising a dosing system is crucial for achieving
and maintaining optimal water chemistry and promoting a thriving
reef environment. This method will help you master our H2P™ Dosing
System.

The Reef Zlements H2P™ Dosing System Overview

The H2P™ Dosing System consists of two main components.

Part 1: Hybrid Complete/pHplus

This vital component consists of two interchangeable solutions,
Complete and pHplus, each designed to increase alkalinity and enrich
your reef aquarium with a comprehensive blend of macro and trace
elements. With an alkalinity of 3,571.5 meqg/L (equivalent to 10,000
dKH), and a 10 ml dose can raise the alkalinity of 100 litres of water by
1 dKH.

«Complete: Ensures optimal alkalinity while gently elevating pH.

-pHplus: Ensures optimal alkalinity while actively increasing pH.

-Custom Blending: Mix Complete with pHplus to tailor the pH
balance to your aquarium’s needs. Dose them together or
separately for pH adjustment and control.




Part 2: Universal

Universal is the rebranded and essential part of the Reef Zlements
H2P™ Dosing System. It contains approximately 72,000 mg/L of
Calcium, but Universal is not just about Calcium.

It's a meticulously balanced blend of Calcium, Magnesium, Potassium,
Strontium and 13 essential macro and trace elements crucial for the
health and growth of your corals.

Each element plays a critical role in creating a stable and thriving
environment for your reef. With Universal, you’re not just dosing;
you’re fostering an ecosystem that closely mimics the natural ocean
environment.

H2P™ Implementing the system

Welcome to the implementation section of the H2P™ Dosing System
manual. In this section, we will guide you through the essential steps
to effectively start and manage the H2P™ system in your aquarium.
From initial setup to advanced dosing strategies, you will learn how to
harness the full potential of the H2P™ system to maintain optimal water
chemistry and ensure the health and vitality of your reef ecosystem.

We will cover everything from the initial setup, including how to start
dosing the H2P™ system, to utilising the D-D KH Manager for precise
mutual control of alkalinity and pH. Additionally, we will discuss the
recommended levels for macro and trace elements, the importance
of extra supplementation, and the correct procedures for water
changes. Finally, we will touch on professional laboratory testing,
including an ICP testing schedule, to ensure the aquarium remains in
perfect balance.

By following this comprehensive guide, you will be well-equipped to
implement the H2P™ Dosing System effectively and ensure a thriving
reef aquarium.




How to start dosing the H2P™ Dosing system?

Step 1

Determine the alkalinity consumption of the tank. This can be done by
testing alkalinity, then stopping all dosing and testing alkalinity again
exactly 24 hours later. The difference between the alkalinity levels will
be the consumption in 24 hours.

For example, if your first test reads 7.0 dKH, and your second test
performed exactly 24 hours later reads 6.7 dKH, your daily

consumption would be 0.3 dKH.
Step 2

With the alkalinity consumption determined, the daily Part 1(Complete,
pHplus or a mix of the two) volume can then be calculated assuming
that every 10ml of Part 1 will increase the alkalinity in 100 litres of water
by 1 dKH.

Adjusting pH at the desired alkalinity level:

o/ff pH is not monitored, please use Complete as the sole
component of Part 1

-If pH is monitored you can dose Complete and pHplus at different
times of the day to adjust pH towards to the level you desire:

To raise pH: Increase the proportion of pHplus.

To lower pH: Decrease the proportion of pHplus.




An alternative way to dose is to mix Complete and pHplus to any ratio

or either Complete or pHplus on their own.
Make adjustments gradually and monitor the changes.
Step 3

Place the dosing lines over a very high flow/turbulent area or
alternatively directly into the return pump (don’t submerge the dosing
lines and ensure they aren’t exposed to any splashes). If you don’t
have a high flow area in the sump this can be achieved with a small
pump placed near the dosing lines. Please ensure that after dosing
Part 1it completely dissolves.

Note: When dosed, if Part 1 doesn’t completely dissolve it is likely to
settle at the bottom of the sump as a white calcium carbonate “mass”,
and will not work as intended. This happens, because the localised
chemical conditions promote the calcium carbonate precipitation and
dissolution doesn’t happen. Once pH normalises to aquarium levels
and the localised saturation is reduced, dissolution of the calcium
carbonate will happen.

Itis also important to note that to not run into a precipitation scenario,
that the levels (i.e. pH, alkalinity, calcium, magnesium, phosphate,
etc.) are kept within the recommended ranges below and this is true
regardless if using bicarbonate, carbonate or hydroxide to increase
alkalinity.

Step 4

As good practice, place the dosing containers in a stable and safe
place to avoid any spills into the tank (e.g. avoid placing them directly

on top of the sump or tank).




If you know your calcium daily consumption you can start dosing

Universal knowing that 10ml will increase calcium by 7.2 mg/L in 100L
of water.

Alternatively, if you don’t know the calcium consumption, your tank
alkalinity is within 6.5-7.5 dKH and Calcium lower than 420 ppm, start
dosing equal parts of Part 1 and Universal Part 2 based on Part 1 daily

volume determined earlier.

These doses should be divided into as many small doses as possible
and dosed throughout the day (ideally at least one dose of each part
per hour). Note: Part 1 and Universal Part 2 should be dosed at least

15 minutes apart to avoid chemical interference.

If your tank alkalinity is above 7.5 dKH, stop the dosing of any
alkalinity solutions and allow your tank alkalinity to drop to a value
between 6.5-7.5 dKH. Similarly, if your tank’s calcium is above
420 ppm stop all calcium addition until calcium drops to a value
between 400-420 ppm.

If your calcium is above 420 ppm you should not begin dosing
Universal Part 2 until your calcium level is below the recommended
value of 420 ppm. However, you can dose Part 1 as needed.

If your alkalinity is within the recommended range and your calcium or
other elements are low, please use the individual elements we offer
to adjust them to the recommended levels you can find below. Do not
attempt to use any of the 2 parts to increase individual elements, e.g.
Calcium, Magnesium, etc., Reef Zlements H2P™ dosing system was
not formulated for this purpose, and doing so will result in the likely

overdose of other elements.




Step 5

Test alkalinity/pH daily and calcium every 3-4 days for the first 2-3
weeks. Nonetheless, we recommend a continuous and consistent
testing regime, as over the years the most successful reefers are
those who keep a strong testing regime.

Do not allow alkalinity or calcium to increase or decrease during this
time. If necessary to keep alkalinity and/or calcium stable, adjust Part

1and/or Universal Part 2 dosing volumes independently.

Test salinity weekly and ensure salinity is kept within the recommended
levels that you can find below. Please note that high salinity will quickly
lead to coral losses.

We recommend that you periodically check the aquarium’s water
quality using our latest laboratory ICP OES DSOI analysis machine.
Testing at least every four weeks using the Reef Zlements 2-Part
dosing system will give you the insight and recommendations you

need to keep the aquarium in top condition.




SUPPLEMENTATION

Elemental and other parameter levels

It wouldn’t be far from the truth if one said that maintaining natural
seawater elemental concentration would be a good baseline for
maintaining our aquariums. However, there might be some advantages
in maintaining different levels from what is found in oceanic waters,
mainly because an aquarium is, we can say, somewhat different from
the oceans and the reefs. As such, although for many parameters,
we recommend levels close to natural seawater levels, for others, we
recommend slightly different levels. This is based on our experience
and observations, which although they have a scientific basis, are
primarily based on our empirical observations and experiments.

Base Parameters
Temperature — 24°C and within 23°C and 28°C
Salinity — 34 ppt and within 33.5-35 ppt
Alkalinity — 6.8 dKH and within 6.2-7.0 dKH
pH — 8.2-8.3 and not lower than 8.15 or higher than 8.4

Macro and Micro elements

Boron — 6 mg/L and within 4-10 mg/L

Bromine — 75 mg/L and within 60-100 mg/L

Calcium — 420 mg/L and within 380-480 mg/L
Chloride — 18500 mg/L and within 18150-19500 mg/L
Fluoride — 1.5 mg/L and within 1-1.9 mg/L

Magnesium — 1400 mg/L and within 1300-1440 mg/L




Potassium — 420 mg/L and within 390-500 mg/L
Sodium — 10500 mg/L and within 10200-11000 mg/L
Strontium — 10 mg/L and within 5-12 mg/L

Sulphate — 2695 mg/L and within 2427- 2964 mg/L
Sulphur — 900 mg/L and within 810-990 mg/L

Trace elements

Barium — 15 ug/L and within 10-100 pg/L
Chromium - 0.5 pg/L and within 0.1-1 pg/L
Cobalt - 0.2 pg/L and within 0.1-1 pg/L

Copper - 0.2 pg/L and within 0.1-1 pg/L

lodine - 60 pg/L and within 60-95 ug/L

Iron - 0.4 pg/L and within 0.2-5 pg/L

Lithium — 200 pg/L and within 180-500 pg/L
Manganese — 2 pg/L and within 0.9 - 4 ug/L
Molybdenum - 15 pg/L and within 15 — 20 pg/L
Nickel - 2.5 pg/L and within 2 — 5 pg/L
Rubidium — 200 ug/L and within 150-500 ug/L
Selenium - 0.2 pg/L and within 0.1- 0.5 ug/L
Silicon — 150 ug/L and below 300 pg/L

Tin — O pg/L and below 10 pg/L

Vanadium - 2 pg/L and within 0.5 - 5 pg/L
Zinc — 5 pg/L and within 3 - 12 ug/L

Nutrient levels for SPS dominated:

Nitrates — 5 mg/L and within 4 - 25 mg/L
Orthophosphate — 50 ug/L and within 40 and 80 pug/L




Nutrient levels for LPS dominated:

Nitrates — 8 mg/L and within 5 - 50 mg/L
Orthophosphate — 80 ug/L and within 50 and 120 ug/L

Nutrient levels for Mixed reef:

Nitrates — 6 mg/L and within 5-50 mg/L
Orthophosphate — 60 pg/L and within 40 and 100 ug/L

With the above recommendations for temperature, pH, alkalinity, and
calcium, we would also like to note that although higher pH, alkalinity,
and calcium levels would accelerate coral growth, the recommended
levels balance the benefits to coral growth and calcium carbonate
water saturation. This promotes coral growth and health while
controlling abiotic calcium carbonate precipitation.

Do | need additional trace elements?

Maintaining stable environmental parameters ensures a
thriving aquarium biome, including healthy corals. This
includes keeping alkalinity, pH, temperature, macro and
trace elements, organic carbon load and others in check.
While macro elements generally remain stable in seawater,
trace elements are prone to rapid precipitation due to
their chemical properties, concentrations, and seawater
conditions.

The H2P™ Dosing System simplifies the process of meeting
corals’ macro elemental needs. However, there may be
occasional needs to adjust specific elements. For instance,
when coralline algae proliferate, there is typically a higher
demand for magnesium, necessitating supplementation.
These exceptions are why Reef Zlements provides individual




macro elements for such corrections, ensuring targeted
adjustments when needed. However, it is important to note
that this is not a daily occurrence.

Nonetheless, the scenario is different for trace elements.
Although the RZ H2P™ supplies the needed trace elements,
these have significantly shorter residency times in seawater
compared to macro elements, especially in an aquarium
environment. As such, it may be beneficial to supplement
with a continuous source of trace elements.

To understand this concept, it is important to understand
residency time.

The residency time of an element in seawater (or any other
solution) refers to the average time that the element remains
in the solution before being removed by processes such as
precipitation, biological uptake, mechanical and chemical
filtration, or sedimentation.

Total Amount of Element in solution
Rate of removal of the Element

Residency time =

Residency times for different elements in the oceans are not
comparable to those we experience in our aquarium closed
systems. In oceanic conditions, calcium, for example, has a
residency time of approximately one million years, whereas in
an aquarium, depending on the kept livestock, it might be only
1-2 months.

On the other hand, Iron has a residency time of around 200
years in the ocean; however, in an aquarium, it has a residency
time of merely a few hours, at best a few days.

In addition to this, manufacturers like Reef Zlements face




other important challenges, such as different biome elemental
requirements, unknown sources of trace elements introduced
by reefers, different filtration setups (e.g., the use — or not —
of GFQO, activated carbon, and other filtration media), and the
use of refugia. These variables make it impossible for any
manufacturer to create an “off the shelf” solution that fits all
aquariums perfectly, except in a marketing scenario twisted
from reality and aimed at boosting sales.

Given the above, regardless of our H2P™ Dosing System
containing all the macro and trace elements that corals need to
thrive, we can start to understand why it is likely beneficial to
dose trace elements in small but more frequent doses, over and
above our main dosing system.

How to dose the extra elements

Now that the need and reason for dosing extra trace elements
have been discussed and demystified, we need to address how
to dose these additional trace elements.

Given that the main reason for this need is the residency time of
trace elements in aquarium saltwater, the strategy should be to
dose these traces as regularly as possible and in the smallest
doses possible, to ensure we are keeping them in the most
stable concentrations possible.

However, we shouldn’t dose these traces without testing and
monitoring due to the risk of overdosing or, in fact, not doing
enough. Regular ICP testing is required to administer adequate
volumes of these elements (more on ICP testing below).

Whilst Reef Zlements does offer individual trace elements
element solutions, with the H2P™ Dosing System, there isn’t the
need to dose single element solutions one at a time; instead,
two bespoke solutions can be made up by the user based on




the users ICP testing results. The reason Reef Zlements offers
individual trace elements is linked to the fact that an off-the-
shelf multi-element solution can easily overdose certain traces
if one or more of the elements in those solutions are already
elevated in the tank.

So, what is the principle by which we should mix the different
elements in two different solutions? The principle is simple and
is based on the fact that, in general, ions with similar charges
(i.e. anions or cations) do not react with each other because like
charges repel one another due to electrostatic forces.

To facilitate this, Reef Zlements has created two categories for
its elements, i.e. “Type A” for Anions and “Type C” for Cations.
So, with this categorisation, we can simply add similarly charged
elements to one of the solutions and the opposite charged ones
to the other.

But what are the Reef Zlements Type A and C elements? This
is a fairly simple question to answer and the following elements
can be mixed together:

Type A

lodine
Molybdenum
Selenium
Sulphur/Sulphate
Vanadium

Note that although Sulphur is a macro element, it has been
added to the list due to the need to be dosed slowly to avoid
microbe problems which can cause STN and RTN in corals.




Type C

Barium
Cobalt
Chromium
[ron
Copper
Manganese
Nickel
Rubidium
Zinc

Now that we know which trace elements can be mixed together,
the next step is to mix them in the correct amounts and perform a
dilution. This allows us to dose these traces hourly between Parts
1 and Part 2 of the H2P™, ensuring that traces are dosed into the
aquarium every 15 minutes.

This is a very easy step. You only need to use the ICP results and
mixing suggestions to create these custom mixes (at the time of
writing, this is being developed and will be available soon). In the
meantime, you can use the calculator available in the ICP portal
or contact us for help.

Once these two mixes have been created, you should dose 1ml of
each solution (Type A and C) per hour, continuously.

As an important note, we recommend mixing the two solutions
to last no longer than the ICP routine schedule to ensure ideal
dosing amounts and avoid any overdoses.




Nutrient supplementation

Before proceeding with this section, we need to define
nutrients. We can consider everything that nourishes the biome
a nutrient. In this context, we will regard carbon, nitrogen/
nitrates, phosphorous/phosphate, and all related compounds
as nutrients.

Regarding nutrient supplementation, we recommend taking a
conservative approach and only dosing the different nutrients
when necessary. For example, if both nitrate and phosphate are
low, we recommend increasing the concentration of these with
both Nitro and PhosPlus, then starting CarboPlus, AminoPlus,
and VitaPlus in as little amounts as possible to maintain both
nitrate and phosphate.

This will ensure the organic nutrients corals and other
microorganisms need whilst minimising their availability in the
water column which can lead to potential bacterial and pollution
issues.

Ensuring adequate nutrient levels is crucial to maintaining
healthy and growing corals.




TESTING

Maintaining a reef aquarium requires precise monitoring and
management of water chemistry to ensure the health and growth of
corals and other marine life. At Reef Zlements, we like to say that we
don’t keep corals; we keep the water.

While hobbyists can test for basic parameters like pH, alkalinity, and
nitrate at home, testing for most macro and trace elements, such
as strontium, potassium, iodine, copper, and many others, presents
significant challenges, as home test kits for those elements are
extremely inaccurate.

Many trace elements, including iodine, iron, and manganese, are
essential for coral, algae, and bacterial health but are difficult or
impossible to monitor using conventional home test kits. Testing for
these macro and trace elements and other key parameters often
requires advanced analytical techniques such as Inductively Coupled
Plasma (ICP), lon Chromatography (IC), and “robotic” Titrations with
higher accuracy than what home test kits offer.

These complex methods require specialised equipment and technical
expertise, which are not typically available to home aquarium
hobbyists.

ICP testing is an analytical method that allows measuring the chemical
composition of water. It can measure a wide range of elements,
including both macro and trace elements, with high accuracy. This
comprehensive analysis helps identify any deficiencies or excesses
that can affect the health of the reef ecosystem. Alongside ICP testing,
IC testing allows laboratories to measure other ions like nitrate,
orthophosphate, fluoride, and sulphate, among others. Automated
or robotic titration can measure parameters such as alkalinity, pH,
conductivity and others.




By combining different analytical techniques, laboratories can offer
comprehensive testing like Reef Zlements offers. The detailed
results from these tests provide valuable insights for adjusting dosing
regimens. By knowing the concentrations of essential elements, reef
keepers can fine-tune their supplementation, ensuring that corals
receive the nutrients they need without over-dosing or under-dosing.

Regular ICP testing helps maintain the long-term stability of the reef
aquarium. By consistently monitoring and adjusting water chemistry
based on precise data, reef keepers can avoid drastic fluctuations
that can stress or harm corals and other marine life. Properly balanced
water chemistry, achieved through the insights provided by ICP testing,
supports optimal coral growth and vibrant colouration. Healthy corals
are more resilient to diseases, parasites and environmental stressors.

Our team of application specialists strive to provide the most accurate
and reproducible results. For better understanding of the process and
care we dedicate to providing the highest quality results possible,
here’s a description of a typical Reef Zlements ICP OES technician
operational day:

At the start of the day, the ICP is run for about 30 minutes to stabilise
the plasma temperature. Once the temperature and plasma are stable,
the spectra (wavelengths) calibration is initiated using a standard that
includes elements with emission lines across the UV/VIS spectrum.
A proper wavelength calibration ensures accurate peak centring,
maximising instrument sensitivity and ensuring precise spectral
interference identification. Wavelength calibration also ensures
that any spectral interference identification built into the instrument
software is as accurate as possible.

Each analyte is then calibrated for Reverse Osmosis using solutions
produced under DAKKS accreditation according to the DIN EN ISO/
IEC 17025 certification or NIST SRM 3100 series traceable calibration
solutions. The instrument’s calibration success is verified by checking
each analyte’s calibration curve correlation factor. A new sequence
is then created and run, including a control standard, three samples




of the same water, and another control standard to further confirm
the calibration success and results reproducibility. Customer sample
analysis follows.

Whilst these sequences run, and the carbon fibre autosampler probe
goes from sample to sample it is rinsed in two separate suprapure
acid solutions and a third ultrapure water to ensure as little carryover
(cross sample contamination) as possible. Adequate flushing time with
both ultrapure water and the sample itself helps to prevent carryover;
randomly placed sample blanks also validate this.

Each result is then individually viewed to identify any potential issue
and if all is well uploaded to our portal and approved.

The same procedure as above (with the exception of the plasma
stabilisation) is then performed for the saltwater samples.

By “running” the Reverse Osmosis samples before the saltwater ones,
we ensure that no carryover from saltwater samples happens.

At the end of the day, the instrument is thoroughly flushed and
cleaned with suprapure acid solutions, including its torch, cyclonic
spray chamber and nebuliser.

Please note that a similarly exhaustive methodology is being
implemented for our new ICP MS offering and with that we aim to
ensure a comprehensive and robust analytical process across all
our laboratory techniques, aiming at offering the most reliable and
accurate results in the hobby.

This way we hope that our testing services become an invaluable tool
for all reefers to maintain their aquariums. It offers a level of precision
and comprehensiveness that standard test kits cannot match, enabling
reefers to maintain optimal water chemistry and promote the health
and growth of their marine life.




ICP Testing schedule

Before starting to use the H2P™ dosing system, we recommend
performing a Reef Zlements Advanced ICP. This will allow
establishing a baseline and taking any corrective actions,
ensuring the basis for using H2P™ successfully.

After the start of the H2P™ dosing and once all macro elements
and lodine have been corrected, we recommend a second ICP
be sent two weeks later. This will serve to determine a daily
lodine, Molybdenum, and other trace element maintenance
dose. After that, we recommend performing a routine ICP at
least every four to six weeks.

This routine ICP test will allow for minor corrections and address
any issues that may arise (e.g., accidental overdosing, unknown
introduction of certain trace elements in the tank via unknown
sources, etc.). Over time, this routine will allow us to fully
understand the aquarium’s specific consumption and avert any

unexpected issues.




When using the Reef Zlements H2P™ system, with a few

exceptions, routine water changes can be avoided, not only
because water changes aren’t as effective as the H2P™ system
maintaining elemental levels, water changes can be a major
destabilising factor and as such don’t support the stability corals
need.

With the above said, we see water changes as a tool to remove
unwanted compounds or elements that have increased to
undesiredlevels. These waterchanges are sometimes necessary
as specific pollutants cannot be effectively removed by other
means, or they are in a context where the easiest resolution
route is to perform a series of water changes; the most common
example we very often see is Tin.

Similarly, given that DOC (Dissolved Organic Carbon) can
accumulate to unhealthy levels even with strong filtration, we
recommend performing a series of 2-3 large water changes (i.e.
around 30%) every four to six months. This should ideally be
performed between spring and autumn when airborne pollen
is at its highest levels. This will ensure that unhealthy dissolved
organic levels in the aquarium remain low and pathogens can’t
proliferate as easily. During such water changes, we strongly
recommend taking the opportunity to syphon the substrate (if
there is one) and make sure that any detritus or waste that may
have accumulated at the bottom is removed — make sure that
the dirt that is being removed from the substrate does not flow

freely into the water column to avoid any issues. This is of high




importance as organics that accumulate in any anaerobic layers
of the substrate may be converted into hydrogen sulphide — one
of the truly responsible compounds for the old tank syndrome.

Nonetheless, rigorous ICP and home testing routines and strict
maintenance are key to ensuring the implementation of this
water change approach.

By maintaining a wise approach to water changes and their
reef-keeping methodology, one can keep a balance between

no routine water changes and a healthy aquarium environment.




Whilst the H2P™ dosing system can be successfully implemented
using manual dosing schedules and a standalone pump like the

D-D P4 Prodosing pump, an exciting new tool that will revolutionise
aquarium dosing automation is soon to be available.

In partnership with D-D The Aquarium Solution, Kamoer, and Reef
Zlements, a new functionality for the D-D KH Manager has been
developed, taking this app-controlled device to the next level.
The KH Manager not only samples and tests your tank water for
KH, maintaining alkalinity levels automatically, but now also offers
advanced dosing control to allow you to control your pH.

Most hobbyists are continually chasing the tail of low pH, but by
using pHplus as your ‘Part 1" solution, you can gradually increase
the average pH of your system to an optimum level of 8.2-8.3,
which is the ideal range to achieve the best coral growth and
health. Once you get to that point you can then use Complete to
maintain the elevated level and cycle back to pHplus if the pH
starts to gradually fall.

By using a KH Manager, with the new programming, the switch

from pHplus to Complete can now be fully automated around
a user defined set point, using the pH measurement that the
unit already takes when carrying out the normal KH test and
adjustment, to maintain a constant elevated ‘Average pH’. The
additional benefit of this automation is that it can also reduce the
normal day to night pH swing that occurs on all agquariums.

Natural diurnal biological activity within the aquarium will act every




day to raise and reduce the pH of your system. Photosynthesis

within the corals during the day, whilst the lights are on, will
raise your pH, and respiration at night, will lower the pH. On
most aquariums this daily swing of pH will be between 0.2 and
0.3, depending on stocking and degassing effectiveness of the
system.

Using the KH Manager, the programme will enable you to dose
Complete during the day whilst the pH in the aquarium is naturally
rising, and to dose pHplus at night to counteract the natural fall.
This will give you the ability to potentially halve the daily pH swing
on your system so that it spends more time in the ideal range.

If you allow the KH Manager to maintain the alkalinity and pH
levels, some interesting safeguard measures exist. For example,
to prevent the KH Manager from overdosing KH Buffer, the user
can set a physical limit to the volume to be dosed. If you don’t
want the KH Manager to dose more than 10 ml of KH Buffer
autonomously, even if it determines that 20 ml is needed to reach
the target alkalinity level, it will only dose 10 ml.

Additionally, it can be set to send alerts about abnormal testing
results (outside the set range for both KH and pH). If the alkalinity
test provides an abnormal result, an auto re-test can also be set.
These features give the user confidence that the aquarium is safe.

This technology means that, for the first time, reefers can manage
and maintain stable alkalinity and pH levels in real time, ensuring

a perfectly balanced and healthy aquarium environment.




SUCCESSFUL AQUARIUM

Although there are many ways to keep a reef aquarium, maintaining a
successful one involves more than just using the right dosing method
and supplements. Ensuring the right environmental conditions is
crucial for long-term success. This includes aspects such as filtration,
lighting, water flow, nutrient management, rock scaping, RO water,
salt used, monitoring and automation, livestock selection, and tank
location. While this manual focuses on the H2P™ Dosing System, it's
essential to first establish the proper foundations for your aquarium.

Filtration

Proper filtration is an absolute necessity to have great water quality
and the healthiest aquarium environments possible. If fresh air is vital
to our life, a perfect supply of water is vital to life in a reef aquarium.
These filtration systems clean out pollutants while still keeping the
ideal balance for coral and fish living in your aquarium. By investing
in the right type of filtration, you support yourself in turning your reef
aquarium into a thriving and vibrant marine ecosystem filled with all
sorts of colourful creatures.

Filter rolls

Filter rolls such as the Clarisea are crucial for maintaining water
quality in reef aquariums. They continuously capture and remove
particulates from the water as they flows through the filter media.

The Clarisea filter roll utilises a roll of fine fleece material that
steadily advances, ensuring that fresh, clean filter media is always
in place. This continuous mechanism allows for efficient mechanical
filtration without frequent maintenance.




The primary advantage we see of using filterrollsis the early removal
of organic matter. This is crucial as it captures uneaten food, fish
waste, and detritus before they decompose into pollutants that get
released into the water. Filter rolls help to maintain low nutrient
levels by averting the breakdown of organic matter. Ensuring this
is key for preventing the accumulation of harmful substances in the
water and in the substrates that may lead to multiple issues such
as the “old tank syndrome”. This condition happens when long-
established tanks with a poor level of husbandry experience a
decline in water quality and ecosystem stability due to the release
of harmful substances like hydrogen sulphide from the substrate
into the water.

Moreover, filter rolls contribute significantly to maintaining water
clarity. By constantly removing these particulates, the roller filters
keep the water clear, enhancing light penetration, which is vital
for the health of photosynthetic organisms such as corals and
macroalgae. Clear water also improves the aesthetic appeal of the
aquarium. Furthermore, by reducing the amount of organic matter,
filter rolls lessen the burden on biological filtration systems.

Regular monitoring of the filter roll system is essential to ensure
it functions correctly and advances the filter material as needed.
Proper installation and integration into the existing filtration setup
are crucial for optimal performance.

Skimmer

We strongly advise having a skimmer rated for the number of animals
and size of your tank, which we believe every system should have.
The protein skimmer is the main filtration component that deals with
organic waste suspended in water, as these systems are heavily
invested in gas exchange necessary for maintaining excellent water
parameters.




A protein skimmer is designed to be proactive, removing dissolved
organic compounds from the water before they have a chance to
break down. The skimmer does this by producing thousands of air
microbubbles which are injected into the water column. Hydrophobic
organic compounds attach to the surface of these bubbles and are
floated upwards into a collection cup. This proactive process lowers
nutrient levels, preventing nuisance algae growth and providing a
healthier environment for corals and fish.

Not only is waste removed, but protein skimmers also act as gas
exchangers. By continuously mixing air and water, skimmers help
increase oxygen levels. On top of this, assuming that the pressure
of CO2 (pCO2) is lower in the air surrounding the aquarium than in
the aquarium water itself, they will help reduce carbon dioxide (CO2)
concentrations in the water.

This process is especially important to keep the pH levels within a
“healthy” range. Too much CO:2 will likely cause the pH level to drop,
creating an acidic environment that would stress or harm everything
from corals to fishes, and the wider biome. However, when there is
a high pressure of CO2 on the environment around the aquarium,
the increased gas exchange can introduce more COz2 into the water,
potentially lowering the pH and creating an acidic environment so,
it is also important to bear this in mind and if needed to aerate the
aquarium room to lower these COz levels.

Forthisreason, you should choose a protein skimmer of an appropriate
size for your tank at peak operation as such, it is important to consider
the number of animals, volume size, and environment when the
aquarium is fully established.

Refugium

A refugium is often a key component of many thriving reef tanks,
offering a sanctuary for beneficial creatures and aiding with nutrient
export. An appropriately sized refugium containing macroalgae




provides a habitat for beneficial organisms such as copepods,
amphipods, and other microorganisms. These organisms contribute
to the overall health system by consuming detritus and serving as
an important food source for fish and corals.

Refugium macroalgae such as Chaetomorpha are paramount for
nutrient export. These plants use the carbon, nitrates, phosphates
and trace elements dissolved in the water column to grow,
decreasing those nutrients inside your main display tank. This
nutrient uptake helps reduce nuisance algae growth in the display
tank, remove other waste compounds, and improve general
water quality. Macroalgae need nutrients such as carbon, nitrate,
phosphate, and other trace elements to perform optimally and
contribute effectively. It is essential for the perfect growth and
export of nutrients that macroalgae are supplied with all those
nutrients; without those, macroalgae will not perform as required.
Therefore, consider this in the dosing regimen when planning your
refugium.

Being photosynthetic, a macroalgae refugium employed in a light
counter cycle to the main aquarium will improve the system’s pH
stability. During photosynthesis, which occurs in the light cycle, COz2
is used up, and oxygen (O2) is a byproduct. So, whilst corals and
algae in the main display tank respire, consuming O2 and releasing
CO2, the macroalgae in the refugium performs photosynthesis and
consumes COz2, releasing Oz. This helps to stabilise the pH around
the clock by lowering CO2 concentration, helping to reduce the
nocturnal ‘pH drop’ common in most reef aquariums.

Refugiums play a significant role in stabilising pH and decreasing
nutrients while enhancing biodiversity. They provide a safe haven
for many species threatened by larger tank occupants. This
biodiversity, fostered by your refugium, helps make the reef system
more resilient and healthy overall. Your refugium can also serve as
a nursery for various species, aiding in the natural restocking of
your tank’s ecosystem. This contribution to the ecosystem should




make you proud of your refugium’s role in enhancing biodiversity.

The benefits of a refugium can be maximised only if they are
maintainedwell. Thisincludes maintaining greatwater movement,
providing enough lighting, and periodically harvesting some
of the macroalgae to remove the old/dead macroalgae from
the system. Nonetheless, make sure not to remove healthy
macroalgae as you will be reducing the nutrient export capacity
of your refugium.

Routine maintenance is not just a task but a responsibility
that supports the growth of macroalgae and other beneficial
organisms that live within the refugium. By being proactive in
your maintenance, you are ensuring the health and vitality of
your reef system.

Biological Filtration

Biological filtration is the backbone of keeping a healthy,
stable reef aquarium. The process relies on microbes and
other microorganisms that colonise the surfaces of everything
you place in your tank — i.e., rock, live sand — to break down
organic matter as well as waste products. Microbes and other
microorganisms convert this waste into nitrogen gas and other
substances through a process that is known as the bacterial
assimilation in the nitrogen cycle. Adequate quantities of rock
and live sand are crucial to provide the necessary surface area
for these beneficial microorganisms to populate which will
ideally result in a biodiverse and mature biome.

Highly porous rock: The D-D Aquascape Rock offers a large
amount of surface area on which these bacteria can grow. It acts
as a physical support and aesthetic element in the aquarium,
which at some points can act as biological filter too. Live sand,




for example will also add to the biological filtration process by
expanding surface area and adding beneficial microorganisms
as well as tiny invertebrates.

Effective biological filtration, which contributes to the aesthetics
of the aquarium, is largely dependent on how the rocks are
placed and their design. This will require some structure design
(rock scape) and the making of these structures to maximise
water flow allowing all rock surfaces to be well oxygenated
ensuring ample areas for beneficial bacteria to colonise. Please
see the Rock Scaping portion of this guide for information
on rock positioning and design to increase effectiveness in
biological filtration. Bio-media — other than the rock and sand
mentioned — like ceramic rings, sintered glass or bio-balls can
give you more surface for bacteria coverage. Remember; in this
case size is important!

Biological filtration is effective only when some basic conditions
are satisfied, which allow beneficial bacteria to remain alive
and functional. Maintaining stable water parameters is highly
important, which means maintaining pH, temperature, and
salinity, as well as carbon, nitrate, phosphate, and a range of
trace elements. Without these at the correct levels, bacteria will
not perform as we expect and may even perish.

Biological filtration is vital for maintaining water quality and
supporting the overall health of a reef aquarium. Using an
adequate volume of rock and live sand provides the necessary
surface area for beneficial microorganisms to thrive, promoting
a mature and stable biome.

Sufficient rock and live sand - to achieve the proper surface area
for effective development of beneficial micro-fauna, necessary
for a mature, stable biome.




Chemical Filtration

One important part of looking after a reef aquarium is the use
of chemical filtration to help keep water quality in check. This
encompasses the utilisation of chemical media to absorb
dissolved organics, and other pollutants that mechanical and
biological filtration may not tackle; therefore, maintaining a stable
environment which promotes a healthy biome which of course
includes healthy corals and fish. Chemical filtration has many
benefits but, like any other type of filter, it can also undesirably
have negative impacts, i.e. it can remove elements we want in
the water.

Crystal-clear water can be produced by using activated carbon
(Reef Carbon) and flocculants, such as Blizzard — these products
bind dissolved organic compounds that cause yellowish or cloudy
water, and allow them to be easily removed resulting in clearer
water and better light penetration. However, there are additional
styles of media that can meet other goals. GFO (Granular Ferric
Oxide) types like Rowaphos, aluminium-based phosphate
removers, or ion- exchange resins for the removal of targeted
pollutants, e.g., copper, are popular choices.

Although this section is not intended to detail the different
filtration media, due to its impact on water chemistry, we will
delve into some detail regarding GFO, given it is widely used
in reef aquariums to effectively manage and reduce phosphate
levels. Composed of ferric oxide-hydroxide granules, GFO
effectively binds phosphate ions due to its high surface area-
to-volume ratio. GFO is primarily used for phosphate control,
reducing phosphate levels to prevent nuisance algae growth and
promote coral health. It is important to note that GFO will also
remove otherions like silicon, manganese, iodine, and chromium,
among many other trace elements. Therefore, when using GFO,
additional trace elements will likely need to be supplemented.
Additionally, when added to the aquarium, GFO has an initial




alkalinity depletion effect, which needs to be considered when
using this type of phosphate removal media.

GFO can be placed in media bags in high-flow sump areas;
however, for effective use, GFO is best utilised in a fluidised reactor
like the D-D FMR75, ensuring even water flow and maximum
contact. To ensure GFO remains effective, the pH should be
kept no higher than 8.35 as its efficiency is dependent on pH.
Another important aspect of using GFO is that depending on the
conditions, it can release iron into the water, which can promote
algae and bacterial blooms; furthermore, low-quality, non-virgin
(i.e., recycled) GFO previously used in the water treatment
industry can, under specific circumstances, release some of the
absorbed pollutants, like arsenic, back into the water.

Therefore, when using this type of media, it is important to select
high-quality virgin material like that which is used in Rowaphos.

Inconclusion, chemicalfiltrationis a very useful tool for maintaining
a healthy reef aquarium. It helps to remove dissolved organics,
toxins, and other impurities that are not conducive to the good
growth and health of corals, fish, and other marine life.

Ozone

Ozone (O3) is a powerful oxidising agent used in reef aquariums
to increase water quality and clarity by breaking down organic
pollutants and killing microbes. While very helpful, this application
is a double-edged sword because of its potent oxidative
capabilities which can have negative effects on corals.

There are many benefits to using ozone in a reef aquarium.
Ozone effectively cleaves the long chains of dissolved organic
compounds (DOC) into simpler molecules that can more readily be
filtered out by protein skimmers or processed through biofilters,
lowering total organics and improving water clarity.




It eliminates yellowing compounds, typically created by dissolved
organic material, which in turn clears the water and improves
the light transmittance in the aquarium. Ozone is also effective
at killing bacteria, viruses, and other pathogens that can inhabit
the water and pose a threat to corals and other marine organisms,
keeping disease outbreaks in check. This can, in turn, lower the
number of free-swimming parasites like Cryptocaryon irritans (when
in the free-swimming stage) and help improve the condition of the
aquarium further.

But ozone can be detrimental for corals. Ozone is an oxidative
stressor and at high concentrations may damage coral cells, resulting
in bleaching or tissue necrosis—even death. To reduce oxidative
injury, corals use antioxidant defences; however, their ability to mount
an effective response appears to be insufficient after exposure to
high concentrations of ozone under thermal stress. Ozone has also
been shown to inhibit nitrifying bacteria—a source of health for the
nitrogen cycle in reef aquaria—and thus can disrupt balance within
these systems leading to toxic ammonia or nitrite spikes. The leftover
ozone can then be toxic to marine life if not properly managed. Further,
oxidation can lead to adverse byproducts—bromate is generated
when ozone factors with bromide. To prevent these detrimental
impacts, ozone should be degassed from the water before returning
it to the aquarium, usually by means of activated carbon and other
degassing methods.

The application of ozone in reef aquariums is best controlled with
the use of high-quality Ozone Generators that provide accurate
production of Ozone to keep the Oxidation-Reduction Potential (ORP)
at about 300 to 400mV. These levels remain safe for marine life and
are not likely to cause an issue! You must also properly degas and
filter your water using activated carbon in order to remove any leftover
ozone from the water before it returns back into the aquarium, as well
as correctly ventilate around your ozone generator for safely allowing
escaping ozone gas.




So, in summary, ozone is potentially a very useful piece of
equipment, especially when it comes to both water treatment
and sterilizing pathogens that the skimmer cannot remove.
Although its use is effective, it must be used in a way that does
not negatively impact corals and other marine life.

UV Sterilisers

In reef aquariums, ultraviolet (UV) sterilisers are commonly used
to maintain specific aspects of water quality. UV sterilisation
is a process used to kill or inactivate bacteria, viruses, mould
spores, and fungi by breaking down the very structure of their
DNA. UV sterilisers are slightly less aggressive than ozone but
must still be used with caution to avoid negative impacts on the
aquarium ecosystem.

UV sterilisers are capable of destroying bacteria, viruses,
and some types of parasites in water, which helps reduce the
diseases that can pass between fish and corals. They are aimed
at the free-swimming stages of parasites like Cryptocaryon
irritans (marine ich) and Amyloodinium ocellatum (velvet) to help
control outbreaks. Additionally, UV sterilisers work as a control
unit against planktonic algae, which can make your water look
green and even cloudy, hence enhancing water clarity.

However, UV steriliserscanhave harmfuleffectsoncorals. Though
UV sterilisers work well in killing off harmful microorganisms, they
can also kill beneficial bacteria and phytoplankton necessary for
nutrient cycling within your tank to give you a healthy aquarium.
Without these beneficial microbes, the microbial balance can be
disturbed, resulting in poor nutrient cycling, water quality and
even poor coral health. The water flow rate and the turbidity in
water limit UV light penetration. Without enough clear water or
too fast of a flow, the UV steriliser becomes less effective. UV
sterilisers must remain on long enough to allow for sufficient
exposure time required for the light waves to adequately kill




microorganisms. If the flow rate of water through the steriliser is
too fast, pathogens may not be adequately rendered harmless.

Choose a UV steriliser that is correctly dimensioned for the
volume of your tank and tailored to what your system requires.
Change the steriliser flow rate to give sufficient contact time,
noting the manufacturer’'s recommendations for optimum
flows. Replace the UV bulb according to the manufacturer’s
recommendations, typically every 6-12 months for continuous
use, to maintain optimum performance. If the quartz sleeve that
houses the UV bulb is dirty, the water might not receive as much
UV light, which may reduce the effectiveness of your sterilizer —
so cleaning it from time to time is important.

To sum it all up, UV sterilisers have a place in reef aquariums
for maintaining water quality and controlling pathogens. When
used properly, they provide benefits such as better water clarity,
diminished disease occurrence, and improved overall water

quality.

Water Flow

Water movement is a cornerstone to reef aquarium health and
influences all factors of an entire biome, from coral viability to
photosynthesis, growth, feeding, thermal stress tolerance and
microbial stability.

Water flow also aids in the export of oxygen from coral tissues,
which lowers oxidative stress and improves photosynthetic
efficiency. It also shapes corals’ growth forms and rates and
metabolic activities, with different species having unique
responses to flows. In general, good flow = more growth.

In addition, good water movement helps transport prey particles
and nutrients and thus increases corals’ food intake, leading to
healthier, more colourful coral growth.




It also helps corals release heat and waste metabolites, which
makes the corals less stressed in high temperatures. High flow
rates keep everything in balance by not allowing pathogenic
bacteria to bloom, especially during scorching days of extreme
temperatures.

One of the most ignored requirements is water flow, which can
be crucial for systems dominated with SPS species.

Lighting and Spectrum

Light: Almost all corals require light, and a good form of lighting
is essential. With their symbiotic relationship with zooxanthellae,
the photosynthetic algae living in its tissues, light is essential for
corals. Good lighting is vital as it will help with photosynthesis,
coral growth, and health. If you look at any modern-day reef
tank, more than likely, the display has LED lights; these are
highly configurable and powerful lights as such, adjusting them
to balance light quality and intensity for optimal coral health is
paramount.

Duration

A 10-12-hour photoperiod with a slow (i.e. 1 to 2 hours) increase
and decrease in light intensity at the start and end of the
photoperiod is recommended and frankly ideal as it mimics
nature. The light period of a tank must be set with caution, as an
inadequate time will interfere with photosynthesis activity and
affect coral metabolism due to decreased irradiation, but at the
same time, prolonging it can cause photoinhibition and damage
the photosynthetic apparatus, leading to coral bleaching and
ultimately death.




Intensity

Light intensity should be tailored to the different types of corals
in your tank. Soft and LPS corals require lower intensity (50-250
umol/m?/s), while SPS corals need higher intensity (250-450
pumol/m?/s).

Intensity is of particular importance as too much will cause
photoinhibition and in extreme cases can cause damage
to zooxanthellae leading to coral bleaching. On the other
hand, insufficient intensity will starve the corals. As such, we
recommend using a PAR/Spectrum meter to set up not only the
intensity but the ideal spectrum as per the below.

Spectrum

Studies suggest that the light spectrum impacts corals by
influencing antioxidant activity, photosynthesis, oxidative stress,
gametogenesis, survival, and calcification rates, with blue light
generally beneficial and artificial light at night and red light
having negative effects.

UV Light (380-450nm): UV radiation exacerbates thermal
stress, leading to increased damage in both host tissues
and algal symbionts during bleaching events. Nonetheless,
fluorescent pigments stimulated by UV light in corals provide
photoprotection by dissipating excess energy and reflecting
harmful light, enhancing resistance to bleaching during heat
stress.

Blue Light (450 - 495nm): Blue light (peak at 455nm) enhances
coral growth, zooxanthellae density, chlorophyll content, and
photosynthesis rates compared to red light, which can harm
corals.




Red Light (620 — 750nm): Research has shown that Red light
negatively impacts SPS coral health, reducing survival rates,
zooxanthellae density, and chlorophyll content. Corals exposed
to red light show lower photosynthesis performance and higher
oxidative stress.

Green Light (495 - 570nm): Supports photosynthesis but is less
effective than blue light.

The light spectrum has a profound impact on coral health
and physiology. Blue light generally promotes coral growth,
photosynthesis, and antioxidant activity, while red light and
artificial light at night can be detrimental, causing oxidative stress
and disrupting biological rhythms. UVR can damage corals,
with fluorescent pigments providing photoprotection, so it is
important to balance corals’ exposure to UV and the “promoted”
colouration. Efficient light absorption by coral skeletons and
enhanced calcification under blue light are critical for coral
survival and growth.

Coverage

Ensure all corals receive adequate light by using a combination
of spot/puck lights and light bars, such as Al Hydras with Al
Blades. This will ensure even coverage of the aquarium.

Moonlight Cycles

Moonlight cycles are crucial for coral reproduction and arange of
physiological or behavioural processes. Synchronous moonlight
cycles may help by mimicking conditions that normally signal
coral spawning and other natural behaviours. Nonetheless, if
set it needs to be very cautiously planned as excessive light can
have very negative impacts on corals.




Rock Scape and Sand

Rock placement and sand are essential to creating a successful and
sustainable marine aquarium. These elements influence biological
filtration, microbial diversity, water flow, and nutrient distribution,
all of which contribute to the health and stability of the aquarium
ecosystem. As such, ahead of laying down rocks in the aquarium,
consider planning and creating a nice and open rock scape.

A well-designed rock scape influences water flow, ensuring efficient
nutrient distribution and waste removal, preventing toxic buildup.

Porous rock, like the D-D Aquascape Dry Rock , acts as a biofilter,
removing nitrogenous compounds and hosting bacteria that “cycle”
these compounds, maintaining water quality.

Diverse microbial communities on rocks and within coral mucus
are crucial for coral health and live rock, usually are a sign of good
microbial diversity, highly beneficial to the success of the tank.
However, if you are considering the use of live rock ensure these
are pest free, as pest can certainly take out the enjoyment of the
hobby.

Nonetheless, a properly constructed dry rock scape which is
seeded with beneficial microorganisms and microbes from the sand
and rock of an existing successful aquarium, or high-quality small
amounts of live rock can help mimic natural conditions, supporting
a stable microbial community and avoiding the risks of using large
amounts of live rock.

If the rock is arranged in such a way that blocks water flow, it will
impact the corals’ health, as they will be stressed by poor water
quality or environmental conditions. Corals benefit from improved
water flow and filtration in a well-designed rock scape.

Adequate rock spacing, which allows adequate flow, will help
mitigate disease outbreaks by reducing stress and preventing
pathogen accumulation.




Reverse Osmosis Water

For several reasons, it is crucial to use high-quality Reverse
Osmosis (RO) water instead of tap water in reef aquariums.

Tap water often contains contaminants like chlorine, chloramines,
heavy metals, nitrates, and phosphates, which can be harmful
to marine life. RO water, being highly purified, ensures that
the water added to the aquarium is free from these harmful
substances.

RO water provides a stable and controlled environment. It offers
a consistent starting point for preparing saltwater, making it
easier to maintain desired chemical parameters.

Additionally, by minimising nitrates and phosphates, RO water
helps prevent unwanted algae growth.

RO water is essential for the health of sensitive marine life,
such as corals and invertebrates, which are highly sensitive
to contaminants found in tap water. Furthermore, using RO
water allows precise control over water chemistry. Reefers
can customise the mineral content, ensuring the ideal water
conditions for their reef inhabitants and avoiding unwanted
reactions from pollutant-contaminated water. RO water also
prevents long-term issues by avoiding the accumulation of
contaminants and bioaccumulation in marine organisms, which
can lead to chronic health problems and reduce overall health.

In conclusion, using RO waterinreefaquariums creates a cleaner,
more stable environment that supports the health and growth of
corals, fish, and invertebrates while preventing common issues
associated with tap water, leading to a thriving reef ecosystem.




Salt
There are many reasons to invest in high quality salt for your

reef aquarium grounds. Salt mixes of good quality are designed
to replicate the natural constituents of seawater and will include
all the essential macro, micro elements as well as trace elements
at their correct concentrations which ensures animals receive
enough minerals.

A good quality salt supports coral growth and health by providing
the right levels, which are critical for the metabolic processes
in corals. These salts also ensure the absence of high nutrient
levels like nitrate and phosphate, which in high concentrations
would be detrimental to the various biological processes in
corals and other invertebrates.

Premium salt mixes are manufactured using the purest
ingredients, which means thatyou have alesserchance of adding
contaminants (e.g. heavy metals, nitrates, and phosphates) to
your tank system along with bound water in one form or another
- all potentially hazardous for marine life. They should be free
of impurities or unwanted additives that can harm water quality.

So, to summarise, using a good salt is one of the most important
things you can do when starting a reef tank. It sets the basis
to keep corals and other marine life healthy, it won't introduce
contaminants into the aquarium which is a key aspect of a long-
term successful aquarium. Spending on a quality marine salt mix
will result in healthier corals, and more stable reef environment
which means less ongoing issues further allowing you to enjoy

the aquarium long term.




Dosing
Although you can manually dose each of these needed

chemicals to your reef aquarium, automation with the help of a
dosing pump is recommended.

Manually dosing is difficult and time-consuming as consistent,
accurate measurement & timing is required for optimum results.
Consistency and precision are paramount to keeping the fragile
balance of an aquarium's ecosystem intact — automated dosing
provides exactly that.

Use a dosing pump which supports at least four channels, like
the D-D P4 Pro. These pumps enable auto-dosing of myriad
chemicals such as calcium, carbonates, and trace elements,
which are essential for maintaining ideal water parameters.
Automated dosing ensures that the correct amount of each
chemical is dosed at the right time, reducing chances of human
error.

When using our H2P™, one crucial thing to have in mind when
the time comes for you to select a dosing pump is the need for
the pump to be chemical-resistant, enabling you to handle the
various chemicals used in the aquarium without degrading or
malfunctioning. For example, the D-D P4 Pro is designed to be
compatible with the H2P™ dosing system and other chemical
components, ensuring longevity and reliability.

Considering fail-safe aspects in dosing pumps is essential to
prevent overdosing or underdosing. An overdose can cause
serious problemsthat are dangerous forthe life of your aquarium.
Auto shutoff, alarms and redundant safety verifications are some
of the features that will protect against these risks to provide for

secure effective dosing system operation.




Not all dosing pumps are compatible with all chemicals. The
D-D P4 Pro is noted for its compatibility with pHplus. This

compatibility is due to the pump’s chemical-resistant materials,
which prevent degradation and ensure accurate dosing. Using
a non-compatible pump could lead to inaccurate dosing and
potential equipment failure.

Automating the dosing process in a reef aquarium with a high-
quality, chemical-resistant dosing pump like the D-D P4 Pro is
essential for maintaining the delicate balance required for a
healthy marine environment. Another advantage of the D-D P4
Pro dosing pump is that also integrates with the D-D KH Manager
allowing the highest optimisation of the H2P™ Dosing system.

Nonetheless, high quality and chemical resistant pumps provide
consistency, precision, and safety, which are crucial for the long-
term success of the aquarium.

Livestock Selection

When choosing livestock for your aquarium, research the needs
and behaviours of each species to ensure compatibility with your
tank’s conditions and each other. Reefers often underestimate
this aspect, and animal lives suffer, so it is important to select
the right type of animal for the type of tank you want.

We recommend choosing “working” animalsi.e. animals that have

a function in the aquarium, such as eating algae or controlling
pests. Very often, beautiful animals can contribute to the tank’s
long-term success.




Tank Location

Often disregarded, selecting a tank location that avoids direct
sunlight to prevent temperature fluctuations and algae growth
is key to the aquarium’s success. Ensure easy access for
maintenance and monitoring. The easierthe access for maintenance,
the more likely you are to enjoy it and ensure tight husbandry.

By considering and potentially following these foundational guidelines,
you can create a thriving reef aquarium that supports the health and
growth of your corals and other marine life. The H2P™ Dosing System
will have a higher impact and will be more effective in supporting
a successful reef aquarium when used with these best practices for
maintaining a stable and healthy reef environment.

Testing and Monitoring

Over the years, we have observed that reefers who consistently
and diligently monitor their aquarium parameters tend to be the
most successful. Certain key parameters need regular monitoring to
maintain a healthy reef aquarium.

Some ofthese parameters can and should be monitored athome, while
others might require the expertise and instruments of a professional
laboratory, such as the Reef Zlements ICP Lab (which we discussed
above). Therefore, diligently monitoring these parameters is crucial
for maintaining a long-term healthy and stable reef aquarium.

While advanced automation is not mandatory, a minimum level
of automation is highly recommended. Although using a D-D KH
Manager to implement the H2P™ Dosing System is not mandatory,
we recommend using it to fully optimise the system’s performance.
The D-D KH Manager features a dedicated dosing option specifically
developed for the Reef Zlements H2P™ Dosing system, which allows
users to maintain the most stable alkalinity and pH levels likely ever
achieved.




Parameters we should test and monitor at home
Temperature

Temperature is a crucial factor influencing coral health. Research
has investigated the various impacts of temperature on corals,
examining their ability to acclimate, the effects on gene expression,
and the interactions with other stressors. It has also demonstrated
thatin some coral species, temperatureinfluencestheincorporation
of Magnesium in their skeletons.

Corals exposed to fluctuating temperatures show higher thermal
tolerance compared to those in very stable thermal environments.
This suggests that prior exposure to variable temperatures can
enhance coral resilience to heat stress. However, these should
not be rapid changes and should not happen over the course of
1 or 2 days, rather they should mimic the seasons of the year with
changes of 2-3°C occurring over a few months like what happens
in nature.

Itis also importantto note that short-term exposure to temperatures
3-4°C above normal “summer ambient” can induce bleaching, while
long-term exposure to 1-2°C above ambient can impair growth and
coral reproduction.

Higher temperatures also impact water chemistry. For example,
higher temperatures accelerate calcium carbonate nucleation and
crystal growth, which can lead to calcium carbonate precipitation.

It is also important to understand the impact of temperature on
other relevant aspects of keeping a reef aquarium, like the impact
of temperature on pests (like Prosthiostomum acroporae [AEFW]
and Phestilla subodiosus sp. nov. [Montipora Eating Nudibranchs))
and bacteria. Lower temperatures may help control and eradicate
some pests and slow bacterial growth rates when fighting bacterial
issues.




Considering the above, we highly recommend the use of a digital
temperature monitor and alarms to constantly monitor temperature,
aiming to keep it between 23°C and 28°C. We also recommend
keeping a lower temperature during your local winter and at a
higher temperature during summer. We recommend increasing
and decreasing the temperature over spring and autumn to do so.
This will mimic the natural environment and will potentially increase
coral resilience. Although we recommend the use of a chiller to
fully control temperature, this strategy will help to minimise the
impact of heat waves during the summer months.

In conclusion, when setting the temperature level in a tank,
consider that in a newly set up aquarium, initially running a higher
temperature will accelerate the establishment of the microbes
that compose the biome. Also, when facing undesired pests or
bacterial issues, running a lower temperature will slow down their
growth and reproduction, and a higher temperature will promote an
environment where calcium carbonate will more easily precipitate.

Salinity

Over the years, we have concluded that salinity is one of the most
overlooked parameters and one that reefers often struggle to
measure correctly and accurately.

In our aquariums, three main factors may impact salinity: evaporation/
addition of RO, water changes, and dosing. The latter is especially
important because most dosing systems will increase salinity due to
the chemistry involved.

This said, it is crucial to monitor and control salinity, which should be
checked with a refractometer, a densimeter, or a conductivity meter
weekly/bi-weekly and kept within an ideal range, this will be discussed
further down in a salinity-dedicated section.




pH and Alkalinity

Although pH and alkalinity will have a dedicated chapter below,
it is imperative to mention in this section that it is important to
monitor pH regularly and alkalinity at least once a day with manual
test kits or advanced tools like the D-D KH Manager. The aim is
to maintain stable pH and alkalinity levels as much as possible.
More on this topic further below in this manual.

Calcium

Like pH and Alkalinity, calcium is a highly important parameter
that needs to be monitored closely. Although we will address
Calcium in the Macro and Trace elements section, we wanted
to mention that it should be monitored every 3-4 days and kept
within the levels recommended above.

Orthophosphate

Orthophosphate levels significantly impact coral health, influencing
growth, skeletal density, and symbiotic relationships. While low
orthophosphate levels can lead to bleaching and coral death,
excessive levels can inhibit skeleton formation and promote
algal competition. Managing orthophosphate levels is crucial
for maintaining healthy coral reefs and mitigating the impacts
of environmental stressors. It is also crucial to monitor nutrient
levels at home weekly with test kits or digital checkers or with a
professional, comprehensive test like the Reef Zlements Advanced
ICP test (via colourimetry); keeping orthophosphate stable within the
recommended levels above will ensure the best coral health and
colouration. Nonetheless, more on phosphate and orthophosphate
below.




Nitrate

Another important parameter to monitor every week is nitrate,
this can be done at home with test kits, digital checkers or with a
professional, comprehensive testlike the Reef Zlements Advanced
ICP test (via lon Chromatography). Effective management of
nitrate levels is crucial for coral protection and resilience while
controlling undesired pests (like algae or cyanobacteria). We
recommend maintaining nitrate in a ratio of around 1:100 with

orthophosphate to ensure coral health and mitigate adverse

effects. More about nitrate below.




Reef Zlements H2P™ Dosing System was crafted to provide
unparalleled stability for corals, ensuring they thrive and reach their
maximum growth and health potential. Therefore, it is important to
examine some of the fundamental parameters involved in promoting
the ideal environment for them.

Salinity

The basics and its history

Salinity was first defined as the measure of the mass of dissolved
salts in a given mass of seawater. Originally, for its determination,
the seawater had to be dried and the resultant salts weighed.
However, as one can expect, this presents some difficulties, not
only because of the process itself but also because of some
chemical reactions that happen at the temperatures needed to
drive off all the H,O.

Nonetheless, the history of salinity measurement is a fascinating
journey through the history of oceanography and scientific
advancements in understanding and quantifying the saltiness of
seawater. We will touch on this in a little detail because salinity
is an extremely important environmental factor that affects all
animals in our aquarium’s health, growth, and survival.

Inthe mid-19"" century, Johan Georg Forchhammer made significant
contributions to understanding seawater composition. He
analysed various seawater samples and identified the consistent
ratio of major ions, leading to the concept of “Forchhammer’s
Principle” or the “Law of Constant Proportions.”




This principle states that the relative proportions of the major
ions in seawater are constant, regardless of the total salinity.

Building on Forchhammer’s work, Martin Knudsen further refined
the methods for determining salinity. In 1901, Knudsen developed
a practical method for salinity determination using “chlorinity,”
which is the concentration of chloride ions in seawater. Knudsen'’s
tables correlated chlorinity with salinity and density, standardizing
salinity measurements for the first time.

The hydrometer, an instrument that measures the specific gravity
(relative density) of liquids and was invented at the start of the 18"
century by early oceanographers to measure seawater density,
had a significant advancement with Knudsen’s work, making it
one of the practical methods that we use today to determine
salinity.

The refractive index method for measuring salinity dates back
to the 19" century. Early refractometers were used in various
scientific fields, including chemistry and pharmacy, to measure
the concentration of solutions. Seawater’s refractive index (the
measure of how much light is bent or refracted when it enters a
substance) changes with its salinity. The refractive index increases
as the concentration of dissolved salts in seawater increases.

Advances in optics and materials science throughout the 20"
century improved the accuracy and reliability of refractometers.
Modern refractometers, which we now use in the hobby, often
include digital displays and automatic temperature compensation,
enhancing their ease of use and precision.

Another method is the Sound Speed Method, which is the speed
of sound in seawater affected by salinity, temperature, and
pressure. Higher salinity increases the water’s density, which
affects the speed at which sound waves travel through the water.




Devices called velocimeters or hydrophones measure the time it
takes for a sound pulse to travel a known distance in seawater.
Then, empirical formulas, such as the UNESCO algorithm, sound
speed data, and temperature and pressure readings, are used to
estimate salinity.

The development of conductivity meters in the mid-20" century
revolutionised salinity measurement. Significant advancements
occurred during World War Il when the U.S. Navy needed
accurate salinity measurements for submarine navigation and
sonar operations.

Researchers developed more reliable conductivity measurement
techniques during this period, and in 1978, the Practical
Salinity Scale (PSS-78) was introduced, revolutionising salinity
measurement. The PSS-78 defines salinity in terms of the
conductivity ratio of seawater to a standard potassium chloride
(KCl) solution at a specific temperature (15°C) and pressure
(1 atmosphere). Today, we use “modern” conductivity meters
to measure salinity accurately. This is one of the most precise
methods we can use as hobbyists.

Whilst ICP is not a direct method for measuring salinity, it plays a
crucial role in determining the concentrations of various ions in
seawater, which can be used to calculate salinity.

Nowadays, with the generalisation of ICP testing, hobbyists at
home can easily access this technique.

Since the inception of the first instruments to measure salinity,
much has evolved. Although there are other methods to measure
salinity, like osmometry, capacitance salinometers, laser-induced
breakdown spectroscopy, and others, the above includes all of
those the general hobbyist can access.

Further expansion on this is undoubtedly exciting but entirely
outside the scope of this manual.




But why is Salinity important?

Salinity plays a crucial role in the health and survival of coral
reefs, influencing their thermotolerance, reproductive success,
and overall physiological functions. Understanding the impact of
salinity on corals is essential for developing strategies to mitigate
the negative effects and other environmental stressors that occur.

Corals are generally sensitive to changes in salinity due to the
need for osmoregulation, which in a reef aquarium can vary due
to either dosing, the addition of RO water or water changes with
different salinity water.

Hypo-salinity (lowsalinity)exposure cancause extensivebleaching,
tissue necrosis, and increased mortality in corals. Studies
on Stylophora pistillata revealed severe pathomorphological
changes and oxidative stress in both the coral host and its algal
symbionts under decreasing salinity conditions.

Conversely, elevated salinity significantly impacts coral species
like Stylophora pistillata, Acropora tenuis, and Pocillopora
verrucosa, leading to partial bleaching, reduced bacterial and
symbiotic algae abundance, and decreased calcification rates.

Salinity but, what levels?

Studies have demonstrated that optimal growth and metabolic
rates in some small polyp stoney (SPS) and large polyp stoney
(LPS) corals are observed at salinities between 30 and 35 PSU,
with significant declines in performance outside this range.
Nonetheless, through ICP testing we often observe depleted
levels of some critical macro and trace elements at salinities
below 33.5 PSU. Monitoring salinity weekly and maintaining it at
33.5to0 35 PSU is a good and important practice.




The basics

Giventhatthe H2P™dosing systemisthe first dosing system developed
that allows the reefer to control pH in a much more refined way than
ever before and revolves around maintaining ideal and stable levels,
we thought it important to dedicate a detailed section to this often-
overlooked parameter.

The term pH stands for “potential of hydrogen” and represents the
concentration of hydrogen ions (H) in a solution. pH measures the
acidity or alkalinity of a solution, with O to

6.9 being acidic, 7 neutral, and 71to 14 being alkaline. The pH value is
calculated using the formula:

pH=-log[H"]

Where [H"] is the concentration of hydrogen ions in moles per litre.
Because the scale is logarithmic, each whole number change on the
pH scale represents a tenfold increase or decrease in acidity. For
example, a solution with a pH of 7.9 is almost twice as acidic as one
with a pH of 8.2 and over three times more acidic if compared to a
solution with a pH of 8.4.

But why is pH important?

pH plays a crucial role in maintaining coral health in aquariums. Lower
pH levels significantly reduce coral calcification rates, making it
energetically costly for corals to build and maintain their skeletons. This
leads to weaker structural integrity, disrupted symbiotic relationships
with zooxanthellae, increased vulnerability to diseases, and reduced
thermal tolerance, collectively threatening coral survival.




Studies indicate that lowering the pH by 0.15 to 0.3 units from ambient
levels canresultina 30%to 56% reduction in calcification rates in some
coral species. Acidified saltwater negatively affects the photosynthetic
yield and cell density of free-living zooxanthellae, causing significant
physiological and morphological damage. Furthermore, lower pH
and higher COz2 levels alter the microbial communities associated
with corals, increasing susceptibility to diseases such as yellow band/
blotch disease.

Acidification also reduces corals’ thermal tolerance by impairing their
ability to manage oxidative stress and maintain cellular function under
high temperatures, leading to increased bleaching and mortality
rates. These combined effects highlight the importance of maintaining
optimal pH levels for coral health.

Conversely, maintaining a pH between 8.2 and 8.4 offers significant
benefits for corals. Elevated pH conditions generally have a positive
effect on coral calcification and growth. Different coral species show
varying abilities to maintain or even increase their calcification rates
at these pH levels. For instance, some species thrive at pH levels
around 8.2-8.4, indicating a positive response to such conditions.

Corals maintained at a pH between 8.2 and 8.4 also exhibit stable
microbial communities, with no significant increase in bacteria
associated with diseases or stress. Additionally, elevated pH levels
(around 8.4) during the day enhance the photosynthetic rates of
zooxanthellae, benefiting coral health and growth.

Nonetheless, highly elevated pH conditions can also impact coral
physiology and health in various ways that haven’t been extensively
researched. As such, it is recommended not to sustain a pH above
8.6 for long periods of time as the long-term effects on corals aren’t
fully understood yet.




With that said, and as we will discuss below, a higher pH can also
promote easier calcium carbonate precipitation, so it is important to
keep pH at the recommended levels.

In summary, maintaining optimal pH levels in our aquariums is
crucial for ensuring the health and longevity of corals. Proper pH
management supports coral calcification, maintains beneficial
symbiotic relationships, reduces vulnerability to diseases, and
enhances thermal tolerance. On the other hand, lower pH levels have
detrimental effects, highlighting the importance of regular monitoring
and adjustment of aquarium water chemistry for the well- being of
coral ecosystems.

Main Factors Affecting pH

Maintaining a stable pH level is crucial for the health and survival of
corals and other marine life in aquariums. Several factors can influence
pH levels, necessitating careful monitoring and management to
ensure an optimal environment.

Photosynthesis significantly affects pH levels during daylight hours.
Photosynthetic organisms, such as zooxanthellae within corals,
consume CO, and release oxygen. This process reduces the
concentration of CO, in the water, decreasing carbonic acid formation
and its partial pressure (pCO,), and subsequently increasing pH. This
diurnal increase in pH is a natural part of the aquarium’s daily cycle
and highlights the importance of balancing biological activities within
the system.

Respiration processes at night counterbalance the effects of
daytime photosynthesis. Both corals and zooxanthellae respire,
consuming oxygen and releasing CO.,. This respiration increases CO2
concentration and pCOz, which forms carbonic acid when dissolved
in water, thus lowering the pH. This nocturnal decrease in pH needs to
be managed to prevent harmful fluctuations that could stress marine
organisms.




Carbon dioxide (CO2) levels directly impact pH. When higher
atmospheric pCO2 forces CO2 to dissolve in seawater (explained
by Henry’'s Law) to form carbonic acid (CO2 + H20 =» H2COs), which
dissociates into bicarbonate and hydrogen ions (H2COs » HCO3™ + H+)
it results in a lower pH. Similarly, elevated COz levels, often resulting
from poor gas exchange, overstocking of fish or high environmental
pCOz2, can lead to sustained low pH levels, which must be countered
to maintain a healthy environment.

Acids can enter the aquarium water through various sources, including
biological processes, pollution, or the decomposition of organic
matter. Amongst other examples, Phosphatase Producing Bacteria
and Inorganic Phosphate Solubilising Bacteria are responsible for the
production of organic acids, which then increase the hydrogen ion
concentration in the water, thereby lowering the pH.

In summary, photosynthesis and respiration are natural biological
processes that cause daily fluctuations in pH. Meanwhile, COz2 levels
and the presence of acids from various sources can lead to more
sustained changes in pH. Careful monitoring and management
of these factors are essential to maintaining a stable and suitable
environment for the health and survival of corals in aquariums.

pH, what levels?

Although, on most surface waters in equilibrium with the atmosphere
pHis around 8.2, in small water bodies it can actually vary widely. The
pH in inshore waters along Ningaloo Reef ranges from 8.22 to 8.64,
while offshore waters range from 8.45 to 8.53. The Great Barrier Reef,
on the other hand, shows pH values ranging from 7.98 to 8.37 across
different habitats. Whilst in Puerto Rico, pH values on Media Luna reef
ranged from 7.89 to 8.17.

Clearly, those are just two regional examples; however, looking at the
examples, we can clearly say that the pH in coral reefs ranges from 7.9
to 8.6. Coral reefs experience natural fluctuations in pH, influenced by




both biological processes and broader oceanographic conditions but,
looking at what was previously mentioned, values from 8.2 to 8.6 can
bring benefits to corals. Nonetheless, in the context of a reef aquarium
high pH whilst beneficial to corals can bring some challenges.

At higher pH levels, the concentration of carbonate ions in the water
increases. This is because higher pH levels shift the equilibrium of
dissolved carbon dioxide and bicarbonate ions towards the production
of carbonate ions. The chemical reactions involved are:

CO2 + H20 <> H2CO3 <> H" + HCO3™ <> 2H"+ CO,*

As the pH increases, the concentration of H" ions decreases,
which favours the formation of CO3%. As such, with higher pH, the
concentration of carbonate ions increases, and if enough calcium ions
are available the water becomes saturated with respect to calcium
carbonate. If the product of the concentrations of calcium ions and
carbonate ions exceeds the solubility product of calcium carbonate,
the solution becomes supersaturated, and calcium carbonate will
begin to precipitate out of the solution (more regarding this subject in
the Calcium section further down).

Given all the above, by maintaining optimal pH levels between 8.2-
8.4 and understanding the factors influencing pH, aquarists can
significantly improve the health and longevity of coral reefs in their
care. Regular monitoring and proper management are essential for
sustaining vibrant and resilient coral ecosystems.

How to achieve the right pH levels

There are multiple ways to manage pH; nonetheless, H2P™ was
specifically created to allow reefers to maintain and manage pH
levels along alkalinity and using it as instructed above is likely the
most reliable and precise way to control pH.




Alkalinity

The basics — what is alkalinity?

Alkalinity is a crucial parameter in the chemistry of water, particularly
in aquatic systems such as coral reefs and aquariums. The most
rigorous definitions of alkalinity are necessarily based on acid—base
equilibria and represent the capacity of water to resist changes in pH
by neutralising acids.

However, rather than beginning with a definition of alkalinity, it is
perhaps more intuitive to first consider the changes that take place
during the titration of the water with a strong acid, from which point a
rigorous definition logically follows.

During a so-called “acidimetric” titration, a strong acid is added to
a solution until all aqueous species capable of accepting protons
are completely converted to uncharged species. If these “proton
acceptors,” or more generally, bases, are present in concentrations in
excess relative to the “proton donors” (i.e., acids with relatively large
dissociation constants), some of the H" added during the titration will
be consumed, resulting in a characteristic relationship between the
amount of acid added and the resulting pH.

In other words, when the acid is being added, primarily bicarbonate,
carbonate and other minor components bind to the H" added by the
acid and neutralise it. This neutralisation, happens when bicarbonate
is converted into carbonic acid, and carbonate into bicarbonate.

Bicarbonate is converted into carbonic acid as follows:

H*+HCOs = H2COs3

Carbonate is converted into bicarbonate as follows:

H*+ CO3 = HCO3-




From what we are seeing above, alkalinity, is primarily composed
of bicarbonate (HCOj3) then, carbonate (CO5?%) ions and to a much
lesser extent of other minor contributors like Boric Acid and Borates
(HsBO5 and BO3s* ), Hydroxide (OH), Silicate (SiO4*), Phosphates
(H,PO,, HPO,*, PO,*), Ammonia (NH3) and Ammonium (NH,), all
these, contribute to what is known as Inorganic Alkalinity.

However, there is another form of alkalinity: organic Alkalinity, which is
attributed to organic acids like fulvic acid, humic acid, acetic acid, and
other carboxylic acids and their conjugate bases. These acids may
be found in our aquariums and are derived from the decomposition
of organic matter, but they do not contribute as much as the inorganic
“counter” parts to the overall alkalinity.

Together, these form what is known as Total (or titration) Alkalinity or
what we more commonly know in the hobby as Alkalinity. Looking
at these alkalinity contributors and reactions in seawater, typically
around a pH of 4.5, these major buffering components have been
neutralised. At this point, the amount of acid used to reach this titration
endpoint can be used to calculate the total alkalinity of the seawater
sample.

This is typically expressed in terms of equivalent calcium carbonate
(CaCOs3) in milligrams per litre (mg/L), as milliequivalents per litre
(meg/L) or degrees of carbonate hardness (dKH).

This last one is the most common measuring unit amongst aquarists.

Nonetheless, in practical terms, considering the main contributors
to alkalinity in aquarium saltwater and to simplify, alkalinity can be
expressed by the following formulae:

Alkalinity (in meg/L) = [HCO3 ] +2[CO3*" ] + [B(OH) ]+ [OH] - [H]

As very often alkalinity in our hobby is expressed in dKH, to convert
alkalinity from meg/L to dKH we can use the following formulae:
dKH=Alkalinity (meg/L) / 0.357 and therefore 2.5 meqg/L is the
equivalent to approximately 7 dKH of alkalinity.




But why is alkalinity important?

Corals, in particular, absorb calcium ions (Ca*) and carbonate ions
(CO3%) from seawater through their outer cell layer (epithelium). The
ions are then transported to the calcifying space (subcalicoblastic
space) between the coral’s tissue and the existing skeleton. Within
the calcifying space, calcium and carbonate ions combine to form
calcium carbonate (CaCQOs3), which precipitates as aragonite crystals,
forming the coral skeleton.

As such, alkalinity is a critical parameter in reef aquariums (and reefs
of the world), playing a significant role in maintaining the health and
stability of coral reef ecosystems. It influences various biochemical
processes, including, as mentioned above, calcification, pH stability,
andthe overall carbonate chemistry of the water, which are all essential
for the growth and resilience of corals and other marine organisms as
such. Without carbonate ions, coral growth and, ultimately, their life
wouldn’t be possible as we know it.

Alkalinity, what levels?

Alkalinity around the world varies due to a number of varied
reasons, including seasons which affect the hydrological cycle,
the proximity to shore due to land runoff and rivers, depth and
geological processes due to hydrothermal vents and sediment
interactions, ocean currents and other factors. Nonetheless,
accordingtoresearch on14inshore reefs of the GBR, Total Alkalinity
varied between 2069 umol/kg and 2360 pmol/kg (equivalent to
5.79 and 6.61 dKH) over a two-year period. In the Red Sea, where
alkalinity is slightly higher compared to other oceanic regions,
ranges from around 2250 umol/kg to 2500 pmol/kg (equivalent
to 6.3 to 7 dKH). Other offshore areas of the Indian Ocean have
been shown to vary from around 2200 pmol/kg to 2360 umol/kg
(equivalent to 6.16 to 6.61 dKH).




The Pacific Ocean varies between 2200 umol/kg and 2400 umol/
kg (equivalent to 6.16 and 6.72 dKH) and the Atlantic Ocean 2180
umol/kg and 2450 umol/kg (equivalent to 6.10 and 6.86 dKH).

The levels above do show regional (main differences occur at
different latitudes) and seasonal variations; however, if we look
at the Normalised Total Alkalinity (NTA), which is the parameter
used in chemical oceanography to assess and compare the
alkalinity of seawater across different regions and conditions, and
which accounts for variations in salinity and is represented by the
following formula:

NTA:TA:{%

Where TA is the measured total alkalinity, and S is the measured
salinity. By multiplying the TA by the ratio of standard salinity (35 PSU)
to the actual salinity, the alkalinity is normalised, we can observe
that the average values are similar between the Indian and Atlantic
Oceans, i.e. 2291 umol/kg (equivalent to 6.41 dKH) and just slightly
higher for the average values of the Pacific Ocean with 2300 umol/kg
(equivalent to 6.44 dKH).

Looking at the numbers above, we realise that the alkalinity levels
in the reefs and oceans around the world are significantly different
from values that our aquariums are often kept at, with the minimum
being around 5.79 dKH and the maximum of 7 dKH and if salinity is
normalised to 35ppt alkalinity ranges from 6.415 and 6.44 dKH.

With the above said it is safe to say that in nature corals are far from
used to the alkalinities we generally maintain in our aquariums. Our
approach is to provide corals with the closest environment to nature
as possible, whilst offering good pH buffering, good coral growth and
health, along with a slightly elevated level to account for human and
equipment failure.




As such, when using the H2P™ dosing system, we should aim for an
alkalinity range between 6.2 and 7.0 dKH. While this range is outside
the “normal industry” unnatural standards, managing alkalinity and pH
adequately (i.e. within our recommended levels) will ensure optimal
long-term health and growth of our corals while avoiding issues like
calcium carbonate precipitation.

The different alkalinity sources and pH

As we saw above, maintaining a close-to-nature alkalinity range along
with the correct pH in a reef aquarium is crucial for the health and
stability of the ecosystem. When deciding on an alkalinity source to
increase alkalinity, it is, therefore, essential to consider the impact that
the different sources may have on pH.

To understand the relationship that bicarbonate and carbonate have
with pH, we need to look at how the carbonate system behaves
in saltwater, i.e. we need to understand the chemical equilibria
in seawater and, therefore, the primary reactions involved in the
carbonate chemistry, which are:

COz+ H,0 €5 HyCO3 6> H +HCO 5
HCO;™ <> H™ + COZ~

When both bicarbonate and carbonate are added to water, they
can act as both an acid and a base because they are amphoteric
species. Nonetheless, the pH conditions for the different reactions
to happen are significantly different and carbonate would require a
pH significantly above 10 to act as an acid, whilst bicarbonate would
require a significantly lower pH.

Another well-known alkalinity source that has been used in our
hobby for many years is hydroxide. The most well-known is Calcium
Hydroxide, i.e. Kalkwasser, which has been used in aquariums for
decades.




Nonetheless, other forms of hydroxide have also been used. Contrary
to the other two alkalinity sources, hydroxide is not amphoteric. For
OH™ to act as an acid, a proton would need to be donated. However,
OH™ does not donate protons; instead, it accepts them. Therefore, it
can only increase pH, and as such, it is classified as a strong base.

Let’'s now compare the effects of the different alkalinity sources on pH
by looking at some real-life practical examples.

Bicarbonate

Lets assume that we have a 500 L aquarium with a pH of 8.2 with a
stable initial concentration of HCO, CO32’and COz2 (aq) in equilibrium
to which we add 250 mmol of bicarbonate.

Adding the bicarbonate will shift the equilibria, and some of the
bicarbonate will convert to carbonate and hydrogen ions, which will
affect the pH, but let’'s see how.

To find the resulting concentration of adding 250 mmol of bicarbonate
to 500 L of saltwater, we need to perform the following equation:

Total mmol 250 mmol

= s(= < C = 0.5mmol/L
Volume L 500L

So, adding 250mmol of bicarbonate in 500 L of saltwater is equivalent
to adding 0.5 mmol/L.

Now, let's use the Henderson-Hasselbalch equation below to
understand the effect on pH:

co3~
pH = pK, + log (g)

[HCO5 ]




In seawater, the value for the dissociation of bicarbonate to

carbonate is approximately 9.1 at 25°C and we can assume the initial
concentration of bicarbonate and carbonate in seawater at a pH of
8.2 to be HCO5 = 1.8 mmol/L (millimolar/L) and CO3* = 0.2 mmol/L.

With the addition of bicarbonate, its concentration increases by 0.5
meqg/L, so the new HCO3 concentration is 2.3 mmol/L (i.e. HCO3 =18
mmol/L + 0.5 mmol/L).

So, now let us calculate the pH shift in order to maintain equilibrium:

0.2mM
S5) < PH & 9.1 +10g(0.087) & pH ~ 9.1 — 1.06 & pH ~ 8.04
om

pH = 9.1 + log(

With the above mathematical exercise, we can clearly demonstrate
that the use of 0.5 meq/L of bicarbonate as an alkalinity source in a
500L system with an ideal pH of 8.2 will lower the system pH to a
suboptimal level of approximately 8.04.

Carbonate

Let’'s now see what happens if, instead of using bicarbonate, we
use carbonate with the same conditions.

So, if we use the conversion above, adding 250mmol of carbonate
to 500L of seawater is equivalent to adding 0.5 mmol/L of
carbonate.

Similarly, we use the Henderson-Hasselbalch equation again:

co:~
pH = pK, + log (g)

[HCO5 ]




So, given the same original conditions, pK2 is still approximately
91 at 25°C and similarly, we should assume the initial
concentration of bicarbonate and carbonate in seawater at a
pH of 8.2 to be HCO5 = 1.8 mmol/L and CO3? = 0.2 mmol/L. With
the addition of 0.5 mmol/L of CO3? we have approximately 0.7
mmol/L of carbonate therefore:

0.7mM
1.8mM

pH=9.1+ log( )@pH ~ 9.1+10g(0.389) ©pH~x9.1-041<

= pH ~ 8.6898

This time, we can clearly see the opposite effect on pH; if
carbonate is used, we will observe an increase in pH in the
aquarium.

Hydroxide

As discussed above, hydroxide is a strong base; as such,
it doesn’t behave as bicarbonate or carbonate as it can only
increase pH. Taking this into consideration, hydroxide can be
used if we need toincrease the pHin ouraquariums significantly.
There are, however, some questions regarding it, i.e. when, how
much and what will happen if we dose hydroxide instead of
bicarbonate or carbonate?

Before demonstrating how much a set dose of hydroxide will
increase the pH in the conditions above, it is important to
understand why hydroxide is a strong base, and this is easily
explained.

When hydroxide (OH") is dosed into seawater, it interacts with
various components of the seawater, leading to the formation of
different species.




The primary reactions involve the carbonate system, which
includes dissolved carbon dioxide (CO,), carbonic acid (H,COs3),
bicarbonate (HCOj3) and carbonate (COazf); these reactions are
as follows.

Reaction with Carbonic Acid:
OH™ + HCO;™ > CO3% + H,0

Here, hydroxide reacts with carbonic acid to form bicarbonate and
water.

Reaction with Bicarbonate:

OH™+ H2CO3 - HCO;™ + H20

Hydroxide reacts with bicarbonate to form carbonate and water.

Reaction with Hydrogen lons:

OH™ + H" = H.0

In this last scenario, hydroxide neutralises hydrogen ions to form
water, increasing the pH of the seawater.

As we can see, when hydroxide is dosed into seawater, it primarily
reacts with Hydrogen, Carbonic Acid, Bicarbonate and Carbonate,
and there are three resulting species, i.e. Water, Bicarbonate and
Carbonate.




So, let’s look at what happens when we have a similar scenario to what
we discussed previously, where we assumed that we have a 500 L
aquarium at 25°C with a pH of 8.2 with a stable initial concentration
of HCO3 = 1.8 mM, COs? = 0.2 mM and H+ = 6.31x10° M to which we
add 250 mmol (0.5mmol/L) of hydroxide.

Since 1 mmol of OH™ neutralises 1 mmol of H" and the amount of OH
added (0.5 mmol/L) is much greater than the initial H* concentration
(6.31x1079 M), the initial H* will be almost completely neutralised and, in
practical terms, the hydroxide concentration will not change:

New [OH] = [OH Jadded— [H*]initial < New [OH] = 6.31 x 10° M - 0.5x107° M <

& New [OH] =4.9999369 x 10* M < New [OH] = 0.5 x1072

Since OH" reacts with HCO3 to form CO3? and H20, we will have a
reduction of the concentration of HCOs5:

New [HCO;7] = 1.8 mM - 0.5 mM < New [HCO; ] =1.3 mM

Conversely, we will observe an increase of 0.5 mM in the CO3s*
concentration due to the contribution made by the OH and HCOs-
reaction:

New [CO;2"] =0.2 MM + 0.5 mM < New [CO,%] = 0.7 mM

Now we can use the Henderson-Hasselbalch equation to find the
new pH:

co3~
pH = pK> + log (g)

[HCO5 ]




Given is still approximately 9.1, we have:

0.7mM

H=91+1
P s 3mm

)& pH % 9.1 + 10g(0.538) < pH ~ 9.1 — 0.2688 < pH ~ 8.83

Taking the above into consideration, which, although is just an
approximation of what really happens in situ, we can clearly state that
hydroxide is the alkalinity source, which increases pH the most for a
similar amount dosed, followed by carbonate and then bicarbonate,
this last one depending on conditions, can actually lower pH.

Alkalinity but, what sources should we use?

Looking at the above, we can clearly start deciding what carbonate
sources to use, how to use and when to use them.

So, to answer this question, we need to look at the whole context,
look at what we are trying to achieve i.e. what animals are we
maintaining and their requirements, and the seawater chemistry i.e.
pH, Alkalinity levels, the temperature we maintain, and some other
levels which although we haven’t touched yet we will discuss further
down like the macro elements and nutrient levels.

With the above said, once an alkalinity level is set and achieved
using Carbonate or Bicarbonate, one should combine the different
alkalinity sources with an intelligent approach in order to achieve
the ideal pH.

Let’s illustrate this with a simple example that doesn’t involve any
mathematical calculations;assuch,weare onlyassuming hypothetical
pH values which are only meant to illustrate the rationale that should
be used when selecting the different alkalinity sources.

Let’s assume that we have a 500 L aquarium and that for maintaining
an alkalinity of 2.5 meg/L (i.e. 7 dKH), we dose 50 ml of a bicarbonate




alkalinity solution hourly over the 24 h.

Given the particular conditions of the aquarium, the pH is 7.8 during
the night time and 8.0 at peak during the day. The simple solution
(although not necessarily the optimal solution) would be to do a
straight swap of the bicarbonate by carbonate or even hydroxide.

So, let’'s assume that we have replaced the bicarbonate straight by
a solution of hydroxide which supplies the same alkalinity amount
and has kept the alkalinity level stable at the same level. So, lets
hypothetically assume that, with the swap, the pH is now 8.3 at the
lowest point (during the night) and 8.7 at peak during the day.

Looking atthe pH levels one can say that, from all that was discussed
so far, the pH has gone slightly above the ideal levels one should
maintain in the aquarium.

Knowing that carbonate has a smaller increase effect on pH than
hydroxide, let’'s now replace the 25 ml of the hydroxide, which is
dosed during the 12 h of the day, with 25 ml of a carbonate solution
with the same alkalinity concentration. By doing so, the pH will,
in theory, decrease but with an emphasis during the day and the
end result will be something close to a pH of 8.3 during the night
and 8.5 at peak during the day. Now if this pH range is still slightly
higher than desired, we can replace or mix part of the carbonate/
with bicarbonate, we should now be able to fine-tune the pH further
and achieve a pH between 8.2 and 8.4.

Looking atthe above, although, these pH values are just hypothetical
values as it wasn’t the intention to mathematically prove what values
would be achieved, we are able to illustrate how the different
alkalinity sources can be used to manipulate pH in our tanks and
achieve an ideal pH range. This is something the H2P™ Dosing
System does.




Alkalinity sources: do the different sources cause long-term

problems?

Recently, several scientifically unsubstantiated claims regarding
carbonate and hydroxide have surfaced. These have been
associated with “Old Tank Syndrome” (OTS), a term that lacks a
clear scientific definition and has only been loosely described.
It appears that these claims may have been made for purely
commercial reasons, without considering the well- being of
aquarium organisms or other relevant factors.

To address these claims, it is important to examine the role of
bicarbonate, carbonate, and hydroxide as sources of alkalinity in
saltwater aquariums. A review of previous sections reveals that
these claims do, indeed, lack scientific merit.

To debunk these claims, let us first understand what is involved
in OTS. This term refers to the decline in water quality in long-
established aquariums due to accumulated pollutants and reduced
biological filtration efficiency, often resulting from neglected
maintenance and husbandry. This decline can lead to unexplained
Slow Tissue Necrosis (STN) and Rapid Tissue Necrosis (RTN) in
corals (i.e. their slow or rapid tissue death), among other issues.

While OTS lacks a formal scientific definition, we offer an empirical
contribution to its understanding. As discussed in the “Pre-
requirements” section of this manual, inadequate infrastructure,
over time, is likely to result in the accumulation of organic matter
and pollutants in the aquarium substrate or the refugium.

This organic material provides a food source for bacteria and other
microorganisms. As such, aerobic bacteria decompose organic

matter in the presence of oxygen initially, producing carbon dioxide




(CO,), water (H,0O), and other byproducts. However, in areas with poor
water circulation, oxygen can become depleted.

When oxygen levels drop, aerobic bacteria cannot survive, and anaerobic
conditions develop. Anaerobic bacteria, which thrive without oxygen,
take over the decomposition process. In these conditions, sulphate-
reducing bacteria (SRB) such as Desulfovibrio and Desulfotomaculum
utilise sulphate (504%) as an electron acceptor instead of oxygen. These
bacteria reduce sulphate to hydrogen sulphide (H,S) as part of their
metabolic process, according to the chemical reaction:

S04 + organic matter = H2S + CO2 + other byproducts

Hydrogen sulphide gas (H,S) is produced as a byproduct of sulphate
reduction. This gas can accumulate in the substrate, particularly in areas
such as deep sand beds, deeper layers of rock, areas with poor water
flow, or in unused (without water flow) media reactors left with used media
and detritus. The presence of hydrogen sulphide is often indicated by a
characteristic “rotten egg” smell and is extremely toxic to fish, corals, and
other aquatic organisms. When disturbed (or when a reactor is turned on
without replacing old media and being cleaned), hydrogen sulphide is
released, often with catastrophic results.

This issue, combined with excessive organic compounds, nitrate,
phosphate, and other pollutants, contributes to what is known as Old
Tank Syndrome. It is clear that the different sources of alkalinity, such
as bicarbonate, carbonate or hydroxide, have no connection to the Old
Tank Syndrome. Suggesting that these substances are dangerous to the
aquarium serves only a dubious commercial agenda.

Instead, if reefers maintain clear and rigorous husbandry to keep all areas

of the aquarium clear of detritus, Old Tank Syndrome will not occur, not
today, not in 10 or 20+ years regardless of the source of alkalinity used.




Final considerations regarding HCO;", CO3? and OH"

Understanding the above is important to deciding what alkalinity
source to use. However, additional considerations should still be
made.

Using any of these sources is safe, accounting that one uses
them adequately and maintains levels compatible with the water
chemistry needed to keep the animals we care for.

With this said, whilst using bicarbonate continuously, pH can
likely be depressed; using carbonate and hydroxide, in the same
manner, will significantly help increase pH, and combining all these
sources in an intelligent dosing strategy that can help us maintain
the alkalinity and the pH levels we aim for and are best suited for
the animals we love.

Macro, Trace elements and nutrients

Bergman defined the earliest chemistry of seawater in 1779;
later, in 1819, Marcet suggested that the composition of sea salt
is nearly constant, i.e., all species of seawater around the world
have the same ingredients with virtually the same proportions.
Dana Kester of the University of Rhode Island later called this the
first law of oceanography.

Knowing this, elements were classified into Major (macro)
elements and Minor elements based on their concentrations
and roles within marine ecosystems; nonetheless, within the
Minor elements, we can further divide them into Minor and Trace
elements again based on their concentration.




Macro elements are elements found in relatively high
concentrations (i.e. >1mg/L or ppm) in seawater and are essential
for marine organisms’ biological processes.

These elements are needed in larger quantities and play critical
roles in structural and physiological functions. For example,
calcium and magnesium are key for the skeletal structure of corals
and shellfish, while sodium and chloride are vital for osmotic
regulation.

Trace elements are found in much smaller concentrations than
macro elements (< 1 mg/L but, typically found in much smaller
quantities, i.e. < 200 umol/L or ppb), however they are still
essential for the health and functioning of marine ecosystems.

Even though trace elements are required in extremely small
amounts, they are crucial for the metabolic processes of marine
organisms. Deficiencies or imbalances can lead to impaired
growth, reproduction, and overall health of marine life.

The Reef Zlements H2P™ Dosing System focus on continuously
supplying optimised levels of both macro and trace elements to
ensure the best conditions for all animals in the aquarium.

Macro Elements

Boron

Boron (B) is a macro element which is present in seawater as boric
acid and borate. Unlike sodium, chloride, magnesium, sulphur,
and other macro elements, it has a relatively low concentration of
around 4.5 mg/L. As we have seen in the Alkalinity section, Boron

in seawater contributes to alkalinity and plays a significant role in




the regulation of pH through its speciation between boric acid and

borate ion.

Coral species such as Cladocora caespitosa and others exhibit
a strong pH dependence on boron isotope compositions. This
relationship helps corals regulate internal pH levels, critical for
calcification processes.

Boron isotope systematics show that corals can up-regulate their
internal pH to cope with ocean acidification and lower pH. This
process allows corals to maintain an elevated pH in their internal
calcifying fluid (pHcf), which is crucial for calcification even in low
carbonate ion concentrations.

Experiments with Acropora sp. indicate that boron isotopic
composition in coral skeletons is influenced by environmental
factors such as pCO, levels. This suggests that corals use boron to
adapt to varying environmental conditions, which is vital for their
survival in changing environments.

Boron is involved in stabilising molecules and cell membrane
functions, affecting nutrient uptake and overall health. This is
crucial for maintaining corals’ physiological integrity.

Boron is also involved in bacterial activity playing a role in iron
transport in marine life by facilitating Fe® sequestration by the
marine bacterium.

The pH of aquarium water can influence the availability and form
of boron. At higher pH levels, boron exists primarily as a borate
ion, which is more readily incorporated into coral skeletons and
other biological processes. Adjusting pH levels in an aquarium to

optimize boron availability is important for maintaining coral health.




Nonetheless, while boron is beneficial in the correct amounts, higher
concentrations can be harmful. Studies on other aquatic organisms,
such as fish, have shown that elevated boron levels can lead to
bioaccumulation and impact enzyme activities and lipid peroxidation.

These effects could potentially extend to corals and other reef
inhabitants if boron levels are not carefully monitored.

Furthermore, empirical observations have shown that with adequate
levels of Boron in the aquarium water SPS will display bright and
shiny metallic colours and as such, keeping boron levels around 6
mg/L and between 4 and 10 mg/L in a reef aquarium can help by
buffering pH and support coral health by aiding pH regulation within
corals and in their metabolic processes. However, it is essential to
monitor and maintain appropriate pH levels to ensure boron remains
beneficial and does not reach toxic levels.

If the Boron level are lower than the recommended range, at the
start of the H2P™ Dosing System use, we recommend using Reef
Zlements Boron to bring the level in line with the recommendations.

Bromine

Bromine (Br) in seawater exists primarily in the form of bromide ions
(Br); however, under certain conditions, bromide can be oxidised
to form other bromine species, such as hypobromous acid (HOBr)
and bromine gas (Brz). These species can further react with organic
and inorganic compounds, influencing the chemical composition of
seawater.

Bromine is essential for the formation of certain biochemical
compounds in marine organisms, including corals. It is involved in
the synthesis of halogenated organic compounds, which can serve
various biological functions, including defence mechanisms and




metabolic processes.

Bromide ions play a critical role as cofactors in enzymatic reactions.
For example, bromide is required for the enzyme peroxidasin to
catalyse the formation of sulfilimine crosslinks in collagen IV, which
is vital for the structural integrity and development of tissues in
marine organisms.

It is also believed to support good LPS/SPS coloration and health,
including the florescent effect seen in hard corals. Bromine
can influence the symbiotic relationship between corals and
zooxanthellae (photosynthetic algae). It is thought to assist in the
photosynthesis process, which is crucial for the energy supply of
the coral.

Low Bromine concentrations will lead to the loss of colour and
growth, especially in soft corals, gorgonians, and sponges. Bromine
also effects the fluorescent effect seen in hard corals and is
significantly important to blue colouration and also plays a role in the
detoxification processes within coral tissues. It aids in neutralising
harmful substances that could otherwise accumulate and cause
damage to the coral.

The concentration of bromide in seawater is relatively stable and
typically around 67 mg/L. This makes bromide one of the more
abundant halides in the marine environment, though it is present at
much lower concentrations than chloride.

Maintaining an appropriate bromine level is essential for coral reefs’
overall health and vitality. Monitoring and adjusting bromine levels
in reef aquariums should be part of a broader strategy to ensure a
balanced and thriving ecosystem. If the Bromine level is lower than
the recommended range, at the start of the H2P™ Dosing System
use, we recommend using Reef Zlements Bromine to bring the level
in line with the recommendations.




Calcium

Calcium (Ca) is a crucial element in seawater, vital in various
biological and chemical processes. It is essential for the formation
of skeletal structures in marine organisms, especially corals,
molluscs, and certain types of plankton. Calcium also interacts
with the carbonate system to regulate the chemistry of seawater.

Calcium levels are critical for the health and growth of hard corals,
as they are essential for the process of calcification, where corals
build their calcium carbonate skeletons. Variations in calcium
concentration can significantly affect coral growth, skeletal
density, and overall reef-building capacity.

Research has shown significantly decreased growth rates and
skeletal density in corals grown in seawater with reduced calcium
concentrations. This suggests that calcium is a limiting factor for
coral calcification and overall skeletal integrity.

Whilst onthe other hand, increased calcium concentration in water
significantly enhances calcification and photosynthesis in the
coral Galaxea fascicularis. Specifically, an increase in calcium by
2.5 mmol/L resulted in a 30-61% increase in calcium incorporation
into the skeleton and an 87% increase in photosynthesis.

Calcium ions (Ca®*) combine with carbonate ions (CO5%) to form
calcium carbonate (CaCQOs), which precipitates as a solid.

Ca** + CO3*” = CaC0,

This process is fundamental for the growth of coral skeletons and
shell formation in many marine organisms.




Nonetheless, the excessive concentration of calcium ions (Ca®*)

and carbonate ions (CO3?) in seawater leads to supersaturation
which happens when these ions exceed the solubility product
(Ksp) of calcium carbonate (CaCOs). This condition favours the
precipitation of CaCOs, leading to the formation of solid calcium
carbonate. As such to avoid precipitation problems is important
to understand this concept.

The solubility product for calcium carbonate is expressed as:

Ksp=[ Ca®] [ CO:™]

When Ksp reaches a certain level, the solution is supersaturated,
and CaCOj; precipitates.

The saturation state of calcium carbonate in seawaterisrepresented
by ), defined as the ratio of the product of the concentrations of
calcium and carbonate ions to the solubility product of calcium
carbonate:

[ Ca®*] [ CO5*7]
Ky

) =

When:
() < 1. Undersaturated (CaCO5 tends to dissolve).

Q) = 1. Saturated (equilibrium, no net precipitation or dissolution).

Q) > 1. Supersaturated (CaCOj; tends to precipitate).




However, does Q > 1 mean constant precipitation?

Well, not necessarily, as the actual precipitation of CaCOs; is
controlled by a complex interplay of biological, chemical, and
physical factors.

This supersaturation acts as a buffer, ensuring that marine
organisms, including corals, can continue to build and maintain

their calcium carbonate structures in a stable environment.

In typical ocean conditions, the saturation state (Q) for
aragonite (a form of CaCQOs3) is often around 3, and for calcite
(another form of CaCOQOs3), it can be slightly higher i.e. around
5. This supersaturation indicates that seawater has a sufficient
concentration of calcium ions (Ca%) and carbonate ions (CO3?%)
to support the precipitation of CaCOs.

As we can see, higher levels of calcium can be beneficial for
corals; however, this is a fine balance between maximising coral
health, growth and precipitation. Nonetheless, we will look
further into this at the recommended levels section.

In summary, maintaining optimal calcium levels is crucial for
the survival and growth of coral in our aquariums and therefore
we recommend testing calcium levels weekly either home test
kits or ICP testing in order to and keep withing ideal levels.
If the Calcium level is lower than the recommended range,
at the start of the H2P™ Dosing System use, we recommend
using Reef Zlements Calcium to bring the level in line with the

recommendations.




Chlorine

Chlorine (Cl)inthe form of chloride ion (Cl") is the major component
in seawater, significantly contributing to its salinity and overall ionic
strength. The chloride concentration in ocean water is typically
around 19,000 milligrams per litre (mg/L). The concentration can
vary slightly depending on the specific location and depth, but
19,000 mg/L is a commonly accepted average value for ocean

water.

It interacts with other ions like sodium to stabilise marine
chemistry. Elevated chloride levels cause oxidative stress and
metabolic disruptions in marine life, including crustaceans,
fish and zooplankton. Chloride can bioaccumulate in marine
organisms, leading to long-term ecological impacts, particularly
in areas with high chloride pollution (e.g. nearshore where road

salt discharges to the sea).

Certain marine bacteria exhibit high tolerance to chloride, aiding
in biodegrading contaminants and nutrient cycling. Chloride ions
interact with other major ions, affecting processes like corrosion
and nutrient cycling. Effluents from desalination can increase
chloride levels, impacting coral reefs by causing partial bleaching
and reducing calcification rates. Chloride affects physiological
processes in marine organisms, such as enzyme activity and
osmoregulation, and can inhibit carbonic anhydrase activity in
marine microalgae, impacting photosynthesis.

Nonetheless, chlorideis crucial forosmoregulation, helping marine

organisms maintain fluid balance in varying salinity conditions.

It plays a role in nutrient cycling, facilitating the transport and




availability of other essential nutrients. Chloride helps stabilise

the chemical environment of seawater. In corals, chloride ions
contribute to ionic balance, aiding in calcification and symbiotic
algae function.

High chloride concentrations, however, can be toxic, causing
oxidative stress, enzyme inhibition, and disrupted metabolic
processes in marine organisms. Elevated chloride levels
reduce zooplankton biomass and richness, impacting the food
web and overall ecosystem health. Chloride bioaccumulates
in marine organisms, leading to long-term ecological impacts
and potential biomagnification through the food web. High
chloride levels can cause coral bleaching, affecting symbiotic
algae and reducing coral resilience. Chloride can alter microbial
community composition and function, affecting nutrient cycling
and ecosystem health. Increased chloride concentrations inhibit
the growth and photosynthetic activity of marine algae, impacting
primary productivity. High chloride levels can also inhibit enzyme
activity, affecting critical metabolic processes like glycolysis and
protein synthesis.

Chloride is essential for marine ecosystems, influencing salinity,
nutrient cycling, and the health of marine organisms. However, it
is key to maintain balanced chloride levels dependent on salinity.
If the chloride concentration differs from an acceptable range of
around 18400 mg/L to 19800 mg/L we recommend to check the

salinity and if needed perform water changes with a good quality

salt to correct the chloride concentration.




Fluorine

Fluorine (F) is a minor element in seawater, playing an important
role in marine organisms’ physiology and ecology. Fluorine in
seawater primarily exists as the fluoride ion (F). Its geochemical
behaviour is influenced by calcium carbonate precipitation and
interactions with other minerals, serving as significant removal
mechanisms for dissolved fluoride.

Fluorine compounds, such as potassium fluorosilicate, possess
anti-inflammatory properties that may benefit corals. Fluorine
might support symbiotic algae (zooxanthellae) within corals,
aiding in their metabolic processes and overall health. Fluorine
influences nutrient cycling and metabolism in marine ecosystemes,
potentially supporting coral reef health and productivity. Fluorine
has bactericidal properties that can control harmful microbial
populations, protecting corals from infections. Additionally,
fluorine compounds might modulate stress responses in corals,
helping them cope with environmental changes.

Fluoride bioaccumulates in marine organisms’ exoskeletons and
bones, causing long-term ecological impacts. Marine sponges like
Halichondria moorei contain significant fluorine levels, providing
potent anti-inflammatory properties. Studies show varying
fluoride concentrations in marine algae and fish, with differential
accumulation and potential ecological impacts.

Fluorine plays a multifaceted role in marine ecosystems,
influencing nutrient cycling and the health and protective

mechanism of marine organisms, including corals.




Nonetheless, high fluoride concentrations can be toxic to marine

organisms, causing oxidative stress and metabolic disruptions.
Excess fluoride inhibits the growth and photosynthetic activity
of marine algae and corals. Fluoride bioaccumulation in fish can
lead to oxidative stress, altered enzyme activity, and disrupted
reproductive systems. Low-pH seawater with high fluoride levels
can decrease coral calcification and affect the photosynthetic
efficiency of symbiotic algae.

Fluoride toxicity varies among aquatic organisms, inhibiting
enzyme activity and impacting metabolic processes like glycolysis
and protein synthesis.

High fluoride levels induce oxidative stress in marine organisms,
including corals, affecting their health and survival. Fluoride ions
actas enzymatic poisons, inhibiting enzyme activity and disrupting
metabolic processes. Exposure to fluoride causes behavioural
changes in fish, indicating neurotoxic effects. Fluoride can alter
microbial community composition and function, affecting nutrient
cycling and ecosystem health. High fluoride concentrations inhibit
marine bivalves’ growth and metabolic functions, reducing fitness
and increasing susceptibility to stressors.

Maintaining appropriate fluorine levels is therefore, essential for
the overall health and vitality of the aquarium habitants. In reef
aquariums, monitoring and adjusting fluorine levels can be part of
a broader strategy to ensure a balanced and thriving ecosystem.
If at the start of the H2P™ Dosing System use, fluorine levels are
lower than the recommended range, we recommend using Reef

Zlements Fluoride to bring the level in line with 1.5 mg/L.




Magnesium

Magnesium (Mg) in seawater plays several important roles in
both biological and chemical processes. It is the third most
abundant ion in seawater, after sodium (Na*) and chloride (Cl),
with a concentration of about 1,350 mg/L.

Magnesium affects the carbonate chemistry of seawater. It
can form complexes with carbonate ions, which influences the
saturation state of calcium carbonate minerals like calcite and
aragonite. This, in turn, affects the processes of calcification and
dissolution of carbonate sediments.

Magnesium can inhibit the precipitation of calcium carbonate
(CaCO3) by substituting it into the crystal lattice of calcite, one
of the polymorphs of calcium carbonate, making it less stable
and more soluble. This process is significant in maintaining the
carbonate balance in seawater. When Mg?* replaces Ca?* in the
carbonate minerals, it affects the solubility and, consequently, the
availability of carbonate ions in the water. This interaction helps
to maintain pH stability by preventing excessive precipitation of
calcium carbonate, which would otherwise reduce the buffering
capacity.

On a biochemical level, Magnesium is a central component of
the chlorophyll molecule, which is essential for photosynthesis
in marine algae, phytoplankton and corals. Without magnesium,
these organisms cannot capture light energy to produce food
and oxygen.

Magnesium acts as a cofactor for many enzymatic reactions in
marine organisms, including those involved in DNA replication,

RNA synthesis, and protein synthesis. Itis essential forthe proper




functioning of enzymes that regulate metabolic processes.

Magnesium also plays a role in the biomineralisation processes
of marine organisms. It can influence the formation of calcium
carbonate skeletons in corals and shell formation in molluscs.
Coralline algae utilise magnesium in their calcitic skeletons with
significant variability influenced by temperature and biological
control as such due to the growth of these types it is normal to
observe changes in the magnesium consumption rates.

In corals, magnesium can influence the rate of calcium carbonate
deposition. While calcium carbonate (CaCOs3) is the primary
component of coral skeletons, the presence of magnesium
in seawater can inhibit the formation of calcite, one of the
polymorphs of CaCO3;, and promote the formation of aragonite,
which is more stable in the marine environment. This affects the
overall structure and integrity of corals.

Magnesium is a vital ion in seawater, with multifaceted roles
in biological, chemical, geochemical, and ecological processes.
It supports the health and functioning of marine ecosystems,
influences the carbonate chemistry and mineralization
processes, and plays a crucial role in maintaining the stability
and productivity of the ocean environment.

Both low and high magnesium concentrations can negatively
impact the physiology of marine animals, including algae, fish,
anemones and coral. It will impact coral growth, structural
integrity, and symbiotic relationships. Maintaining adequate

magnesium levels is crucial for the health and stability of corals,
and at values of 1000 mg/L or below, growth is greatly reduced
or halted, and given its impact on the carbonate chemistry of




seawater, it will be difficult to maintain adequate calcium and
alkalinity levels. Along with this, coral colouration will be highly
impacted, and LPS corals will start to die off.

On the other hand, values above 1600 mg/L can potentially
impact on coral growth rates and calcification for reasons
already explained above.

Maintaining appropriate magnesium levels is therefore,
essential for the overall health and vitality of the animals. In
reef aquariums, monitoring and adjusting magnesium levels
can be part of a broader strategy to ensure a balanced and
thriving ecosystem. If, at the start of the H2P™ Dosing System,
the Magnesium level is lower than the recommended range, we
recommend using Reef Zlements Magnesium to bring the level
to around 1400 mg/L.

Potassium

The potassium (K) concentration in seawater is relatively stable and
consistent across the world’s oceans. The typical concentration of
potassium in seawater is approximately 390 to 400 mg/L.

With the above, potassium plays a crucial role in seawater chemistry
and impacts coral health and growth. It is involved in various
physiological processes and can influence the overall ecosystem
dynamics of coral reefs.

Potassium isotopes in marine biogenic carbonates, including those
from corals, show significant variability. This variability is linked to

the skeletal potassium phases and indicates biological control over
potassium incorporation. This phase control reflects substantial




physiological modifications of environmental information recorded

in calcifying organisms.

Potassium plays an essential role in the health of corals and their
symbiotic relationships with dinoflagellates (Symbiodinium spp.).
Imbalances can lead to symbiosis dysfunction and coral bleaching.
Increased nutrient availability, such as from potassium, can lead to
higher symbiont densities, leading to improved coral colouration;
however, if substantially above typical seawater levels (i.e. over
500 mg/L), it can suppress the host coral’s immune response. This
suppression may increase susceptibility to diseases and stress.

Potassium deficiency in seawater can also lead to acute morbidity
and mortality in marine invertebrates, fish and corals, impacting
their physiological processes such as osmoregulation and
membrane potentials. This is critical for maintaining the health of
the reef aquarium ecosystem.

Potassium levels influence the activity of crucial enzymes in corals.
For instance, changes in potassium concentrations can affect the
activity of Na*/K*-ATPase, which is essential for maintaining cellular
homeostasis in corals.

Looking at the above, maintaining adequate potassium levels
is necessary for optimal growth, nitrogen metabolism, and
physiological function.

If, at the start of the use of the H2P™ Dosing System, the potassium
levels is lower than the recommended range, we recommend using
Reef Zlements Potassium to bring the level around 425 mg/L also,
please ensure your Potassium levels do not go over 500 mg/L to

avoid undesired effects.




Sodium

Sodium (Na) is a major element in seawater, playing a crucial role
in the physiological and ecological dynamics of marine organisms.
The concentration of sodium in seawater is approximately 10,800
mg/L. This makes sodium the most abundant cation in seawater,
contributing significantly to its overall salinity and ionic composition.

Sodium chloride impacts algae and crustaceans by reducing algal
growth and affecting crustacean swimming speed and heart rate,
indicating toxicity at high concentrations. Sodium chloride also
affects carbonic anhydrase activity in marine microalgae, with
species specific responses. In cyanobacteria, overexpression of a
Na*/H" antiporter gene enhances salt tolerance, enabling growth in
high NaCl concentrations. Photosynthetic bacteria like Rhodobacter
sphaeroides can remove significant amounts of sodium from
seawater, showing potential for bioremediation.

Sodium and chloride ions are crucial for osmoregulation in intertidal
fish species, maintaining plasma concentration and body water
content over varying salinities. In tilapia, dietary sodium chloride
aids in saltwater acclimation by influencing plasma osmolality and
gill Na*/K-ATPase activity. Sodium and potassium ions generate
osmotic potential in marine fungi, with the hyphal wall selecting
potassium over sodium even at high salt concentrations.

Sodium ions are essential for osmoregulation in marine organisms,
including corals, helping them maintain fluid balance and cellular
function in varying salinity conditions. Sodium facilitates nutrient
cycling and supports various biochemical processes crucial for
marine ecosystem health and productivity. Overexpression of

sodium-related genes in cyanobacteria enhances their salttolerance




and growth, potentially increasing primary production in marine

ecosystems.

High sodium concentrations can be toxic to marine organisms,
causing oxidative stress, enzyme inhibition, and disrupted metabolic
processes. Elevated sodium levels reduce zooplankton biomass
and richness, impacting the food web and overall ecosystem health.
Sodium can bioaccumulate in marine organisms, leading to long-
term ecological impacts and potential biomagnification through the
food web. High sodium levels can cause partial bleaching in corals,
affecting their symbiotic algae and reducing coral resilience.

Sodium is a critical ion in marine ecosystems, influencing
osmoregulation, nutrient cycling, and the health of marine
organisms, including corals. However, high sodium concentrations
will impact coral and other marine organisms’ survivability and can
promote the outspread of cyanobacteria. Maintaining balanced
sodium levels between 10,200 and 11,000 mg/L is essential for
ecosystem stability and resilience. If the Sodium concentration
falls outside this range, we recommend checking the salinity and
performing water changes with a good quality salt to correct the
sodium concentration.

Strontium

Strontium (Sr) levels in ocean waters are significant for
understanding marine chemistry, the geological history of the
oceans, and the health of marine organisms, including corals.

Strontium levels in ocean waters generally range between 7.2
and 7.8 mg/L, with significant regional variations. These levels
are influenced by natural processes such as riverine inputs and




hydrothermal activities, which also affect the isotopic composition

of strontium in seawater.

Strontium plays a significant role in coral physiology and skeletal
development. Its incorporation into coral skeletons and its
interaction with environmental factors such as temperature
and light are crucial for understanding coral health and growth
patterns.

Strontiumuptakein coralsis affected by bothlightandtemperature,
with higher strontium incorporation occurring under higher light
and temperature conditions. This indicates that environmental
variables play a significant role in the calcification process and
strontium incorporation.

Coral skeletal strontium levels are influenced by physiological
factors, not just environmental conditions. For example, different
coral genera have varying levels of strontium even under the
same environmental conditions, indicating species-specific
physiological control over strontium incorporation.

Strontium significantly impacts coral health by influencing
their skeletal structure and growth rates. Its incorporation is
controlled by both environmental and physiological factors,
making it an essential element for understanding coral resilience
and environmental adaptations. It has been shown that under
elevated strontium levels and high light (up to 400 umol/m2/s ),
incorporation rates of Sr?* into the coral skeleton are significantly
higher and that there is a strong correlation between Sr?* uptake
and coral growth rates.

In essence, strontium significantly impacts coral health by

influencing their skeletal structure and growth rates, and




maintaining appropriate strontium levels, somewhat elevated

from natural levels, is, therefore, ideal for promoting good and
accelerated coral growth.

In reef aquariums, like for other elements, monitoring and
adjusting strontium levels should be part of a broader strategy
to ensure a balanced and thriving ecosystem. If at the start of
the H2P™ Dosing System use, strontium levels are lower than
the recommended range, we recommend using Reef Zlements
Strontium to bring the level in line with 10 mg/L as it will help
boosting good growth rates.

Sulphur

Sulphur (S) is a significant element in ocean chemistry, affecting
both biological and chemical processes. The concentration and
forms of sulphur in the ocean, such as sulphate and organic
sulphur compounds, play crucial roles in marine ecosystems and
global biogeochemical cycles.

The concentration of sulphur in seawater, when considering all
forms of sulphur (including sulphate, sulphide, and other sulphur-
containing compounds), is approximately 900 mg/L. Sulphate
(SO,?) constitutes the majority of this sulphur content, making up
about 2,700 mg/L as sulphate ions.

Sulphur is involved in the photosynthesis process, essential for
phytoplankton and corals. The availability of sulphur can influence
the metabolic and catalytic activities of these organisms, affecting

primary production and the overall health of marine ecosystems.




Corals produce high concentrations of
dimethylsulphoniopropionate  (DMSP) and its breakdown
product, dimethylsulphide (DMS), which play crucial roles in coral
physiology and stress responses. These sulphur compounds are
involved in thermoregulation, osmoregulation, chemoattraction,
and antioxidant defence.

Sulphur compounds like DMSP and DMS, however, influence the
composition of coral- associated microbial communities. Certain
bacteria associated with corals can degrade these compounds,
affecting microbial dynamics and potentially playing a role in
coral health and resilience.

DMSP and DMS act as scavengers of reactive oxygen species
(ROS) in corals, providing an antioxidant defence mechanism that
helps corals cope with oxidative stress caused by environmental
changes such as increased temperatures and light intensity. As
such, sulphur deficiency can weaken the overall health of corals,
making them more vulnerable to stressors. The production of
DMS by corals during stress events is a significant mechanism for
alleviating oxidative stress. Lower sulphur levels can hinder this
response, increasing the risk of coral bleaching and mortality.

Sulphur cycling in marine sediments is primarily driven by sulphate
reduction, which is a major energy source for microbes in anoxic
environments. This process is tightly interwoven with other
element cycles, such as carbon, nitrogen, iron, and manganese.
Sulphate-reducing bacteria are essential for the degradation of
organic matter and play a significant role in the biogeochemistry
of marine sediments.

Sulphate reduction by bacteria in anaerobic conditions leads
to hydrogen sulphide (H,S) formation, which can precipitate as
metal sulphides or reoxidise to sulphate.




This process is crucial for the sulphur cycle and affects the carbon
cycle by outcompeting methanogens for substrates. However,
hydrogen sulphide is highly toxic to aquatic organisms like fish and

corals even at low concentrations. It can cause acute morbidity
and mortality, disrupting physiological processes and leading to
severe health issues. As such, it is of the utmost importance that
the aquarium substrate is kept clean of organic detritus and sand
free from anaerobic areas that can be sources of this toxic gas
associated with the “old tank syndrome”.

Compared to natural seawater, both elevated or depleted
sulphur levels can severely impact coral health by disrupting
sulphur utilisation, impairing antioxidant systems, altering
microbial community structures, and reducing the coral’s ability
to respond to environmental stressors. It also negatively impacts
the microbial biome in aquariums by disrupting biogeochemical
cycles, reducing the efficiency of biofilters, and altering microbial
community structure.

Maintaining adequate sulphur levels is crucial to ensuring the
health and functionality of the microbial communities essential
for nutrient cycling and waste removal in the aquarium and for
coral resilience and sustainability.

If sulphur levels are lower than the recommended range at the
start of the H2P™ Dosing System use, we recommend using
Reef Zlements Sulphur to bring the level in line with 900 mg/L.
Nonetheless, monitoring and adjusting sulphur levels should
be part of a broader strategy to ensure a balanced and thriving

ecosystem.




Trace elements

Oceans are giant reservoirs for the elements that are introduced
into them, either through the fallout from the atmosphere, influx
from rivers or shore or elements that come from the interior of the
earth. As such, these reservoirs are "virtually an infinite" supply of
these elements.

Trace elements are crucial for the health and sustainability of
corals and all animals that live in the oceans. These elements play
vital roles in various biological and chemical processes within the
aquatic ecosystem, impacting corals and the broader marine life.

However, in our aquariums, we don’t have an “infinite” supply
of elements as these are limited in quantity and only supplied
via contamination or by what the reefer adds to the aquarium. It
is, therefore, extremely important that the reefer keeps constant
and stable concentrations of those trace elements. However, this
is not an easy task mainly due to the extremely limited “residency
time” some of these elements have i.e. due to length of time
these trace elements remain in the aquarium water before being
removed either by precipitation, absorption, oxidation processes
or by mechanical filtration export.

Some trace elements, like vanadium, can be removed from the

water column in the space of just a few hours, this can be due
to both biotic and abiotic processes. As such, it is important to
implement a strategy, like the Reef Zlements H2P™ strategy to
ensure a stable supply of these traces.




In the Atlantic Ocean, barium (Ba) concentrations range from 8 to 14
ng/L from surface to deep waters, respectively. In the Pacific Ocean,
concentrations range from 8 to 31 ug/L, showing a greater increase
with depth compared to the Atlantic. Nonetheless, it is agreed that a
10 ug/L level is an acceptable concentration level to maintain in the
saltwater aquarium.

Barium is primarily introduced into the ocean through riverine inputs,
atmospheric deposition, and submarine groundwater discharge.
It tends to accumulate in marine sediments, particularly as barite
(BaSQ,), and its distribution is influenced by biological productivity,
organic matter decomposition, and upwelling.

Barium in seawater influences coral health and biogeochemical cycles
within coral reef ecosystems. It is incorporated into coral skeletons,
and its concentration can serve as a proxy for various environmental
conditions.

The incorporation of barium into coral skeletons is influenced by light
conditions. Under low light, barium incorporation increases, indicating
that light availability can affect the Ba/Ca ratios in corals. Coral Ba/
Ca ratios are also affected by temperature. Studies show that while
temperature influences barium incorporation, calcification rates do
not significantly impact Ba/Ca ratios, suggesting that temperature and
light are more critical factors.

The residency time of barium in aquaria is influenced by several
factors, including its incorporation into coral skeletons, interaction
with sediments, and dissolution-precipitation cycles. While specific
residency times are not explicitly provided in the studies, the evidence
suggests that barium remains active and recycled within the aquaria
environment for extended periods, especially in particulate form as
barite.




Depleted barium levels may affect coral growth and health by altering
the biological processes that control barium incorporation. This can
impact the overall resilience of corals to environmental stressors, as
barium is involved in nutrient cycling and other vital processes.

Depleted barium levels may enhance these stress responses, leading
to further deviations from normal Ba/Ca patterns.

If the barium level is lower than the recommended range at the start
of the H2P™ Dosing System use, we recommend using Reef Zlements
Barium to bring the level in line with 10 ug/L. Nonetheless, monitoring
and adjusting barium levels should be part of a broader strategy to
ensure a balanced and thriving ecosystem.

Chrome/Chromium

Chromium (Cr) is a trace element in seawater, present in two
primary oxidation states: trivalent chromium [Cr(lll)] and hexavalent
chromium [Cr(VI)]. Its role in marine environments and its effects
on corals are complex, influenced by its chemical behaviour,
interactions with marine organisms.

The speciation of chromium affects its bioavailability and toxicity.
Cr(VI)is toxic due to its strong oxidising properties, whereas Cr(lll)
is an essential nutrient in small amounts.

Corals incorporate chromium into their skeletons, where Cr
isotopes can reflect the redox state of the surrounding seawater.
Trivalent chromium [Cr(Ill)] is recognised as an essential nutrient
for animals, playing a significant role in enhancing metabolic
processes. Itis involved in lipid metabolism and the maintenance
of glucose homeostasis, which are crucial for the health and

growth of corals.




Studies onfish have shown that dietary chromium supplementation
canenhanceimmune responses. Although direct studies on corals
are limited, it is reasonable to infer that similar mechanisms might

improve coral resilience against pathogens and environmental
stressors. Enhanced immune function can contribute to better
overall health and survival rates in corals.

Trivalent chromium has been shown to promote growth in various
aquatic organisms. While specific studies on corals are sparse,
it is plausible that appropriate levels of Cr(lll) can enhance coral
growth by improving metabolic efficiency and nutrient utilisation.
This can lead to healthier and more robust coral colonies.

Theresidency time of Cr(lll) in reef aquaria is influenced by arange
of factors, including adsorption onto sediments and biological
materials, bioremediation processes, and biological uptake by
marine organisms. Nonetheless, if dosed correctly in small doses
it will deplete from the water rapidly.

In summary, chromium, particularly in its trivalent form, can
have several positive effects on corals. It acts as an essential
nutrient, enhancing metabolic processes, immune responses,
and potentially growth.

If at the start of the H2P™ Dosing System use, the chromium
level is lower than the recommended range, it is unnecessary to
correct since subsequent supply will be sufficient. Nonetheless,
monitoring chromium levels should be part of a broader strategy

to ensure a balanced and thriving ecosystem.




Cobalt (Co) is a bio-essential trace element in seawater, playing

a crucial role in marine ecosystems. Its influence on corals, along
with its biogeochemical cycling, is significant for understanding
both environmental impacts and coral health.

Cobalt is scavenged from seawater by manganese-oxidising
bacteria and recycled through the remineralisation of organic
matter. This process helps maintain the balance of cobalt in the
aquarium.

Cobalt is a vital micronutrient for ocean microbes as it is a
component of vitamin B12 (CgzHggsCoNy4,O4P) and various
metalloenzymes that catalyse cellular processes. This makes
cobalt essential for the growth and metabolism of many marine
organisms.

Cobalt is essential for the growth of certain algae and
phytoplankton, which uptake it from seawater and recycle it
through the marine food web. The biological uptake of cobalt
is influenced by the availability of zinc, as certain phytoplankton
can substitute cobalt for zinc in their metabolic processes.

Cobaltis essential for the health of symbiotic algae (zooxanthellae)
living within coral tissues. These algae perform photosynthesis,
providing corals with essential nutrients and energy.

Adequate cobalt levels can enhance the photosynthetic efficiency
and overall health of these algae, thereby supporting coral
growth.

Cobalt, in the appropriate concentrations, can help mitigate

oxidative stress in corals and supports the metabolic processes by




contributing to the synthesis of essential vitamins and enzymes.
This can promote healthy growth and development, enhancing
coral resilience to environmental changes which is particularly

important in environments where corals are exposed to various
stressors such as increased temperatures and pollution. For
example, research on the Pacific white shrimp has shown that
appropriate levels of cobalt can enhance antioxidant enzyme
activities, which may translate to similar benefits in corals.

Nonetheless, despite its essential nature elevated levels of cobalt
can adversely affect coral growth and photosynthetic efficiency.
For example, cobalt pollution (i.e. >5 pg/L) has been shown to
decrease the growth rates of coral species like Stylophora
pistillata and Acropora muricata by 28%, while also affecting their
photosystem Il efficiency.

In summary, cobalt in seawater plays a crucial role in
supporting coral health and growth. It enhances the efficiency
of photosynthesis in symbiotic algae, mitigates oxidative stress,
supports metabolic processes, and aids in the biogeochemical
cycling of nutrients. These benefits underscore the importance
of maintaining adequate cobalt levels in marine environments to
ensure the health and resilience of coral ecosystems.

Nonetheless, if at the start of the H2P™ Dosing System use,
the cobalt level is lower than the recommended range, it is

unnecessary to correct since subsequent supply will be sufficient.
Nonetheless, monitoring cobalt levels should be part of a broader
strategy to ensure a balanced and thriving ecosystem.




Copper

Copper (Cu) is a trace element in seawater that is essential for
various biological processes but can also be toxic at elevated
concentrations. Its role and effects on marine life, particularly
corals, are complex and multifaceted.

Copperis a necessary micronutrient for many marine organisms.
It is involved in various enzymatic processes, including those
related to respiration and photosynthesis. For instance, copper
is a component of cytochrome ¢ oxidase, which is crucial for
cellular respiration.

Copper is a vital micronutrient for marine life, including corals.
It is a cofactor for essential enzymes such as cytochrome
c oxidase and superoxide dismutase, which are crucial for
cellular respiration and antioxidant defence, respectively.
Proper functioning of these enzymes supports coral health and
resilience.

Symbiotic algae (zooxanthellae) within coral tissues require
copper for photosynthetic processes. Copper is involved in
the photosynthetic electron transport chain, aiding in energy
production and contributing to the health and growth of corals
through enhanced photosynthesis.

At low concentrations, copper is essential for the proper
functioning of antioxidant enzymes. Superoxide dismutase,
which requires copper, helps in detoxifying Reactive Oxygen
Species (ROS) generated during metabolic processes and
environmental stress, protecting corals from oxidative damage.

Copper plays a role in the calcification process of corals by
influencing enzymes such as carbonic anhydrase and Ca-




ATPase. These enzymes are critical for the formation of calcium

carbonate skeletons, essential for coral structure and reef
building.

Appropriate levels of copper can enhance the resilience of
corals to environmental stressors. For instance, copper can help
corals better manage oxidative stress, improving their ability to
withstand adverse conditions such as temperature fluctuations
and pollution.

Copper has antimicrobial properties that can help protect corals
against certain pathogens. This protective role can reduce
the incidence of diseases in coral populations, contributing to
overall reef health and stability.

Copper influences the symbiotic relationship between corals
and their zooxanthellae. Studies have shown that copper can
affect the activity of host release factor (HRF) and photosynthesis
inhibiting factor (PIF), which regulate algal carbon metabolism
and photosynthate release, contributing to a balanced symbiotic
relationship.

However, in high concentration copper can be detrimental and
exposure to elevated levels of copper induces oxidative stress
in corals. This stress can damage cellular structures, including
DNA, proteins, and lipids. For example, the coral Montastraea
franksi showed significant DNA damage and altered gene
expression patterns when exposed to copper.

Elevated copper concentrations can also inhibit the settlement
and development of coral larvae. Research on Acropora tenuis
showed that copper concentrations above 42 ug/L significantly

reduced larval settlement success.




Copper plays a dual role in marine ecosystems as both a
necessary micronutrientand a potential pollutant. While essential
for various biological processes at trace levels, elevated

copper concentrations can have detrimental effects on corals,
including oxidative stress, impaired photosynthesis, reduced
reproductive success, and increased susceptibility to bleaching.
The interaction of copper with other environmental stressors can
further exacerbate these negative impacts. Monitoring copper
levels and understanding its effects on corals is crucial for the
conservation and management of coral reef ecosystems.

Similarly to other traces with a typlical low residency time in
the aquarium, if at the start of the H2P™ Dosing System use,
the copper level is lower than the recommended range, it is
unnecessary to correct since and subsequent supply will be
sufficient. Nonetheless, monitoring copper levels should be
part of a broader strategy to ensure a balanced and thriving
ecosystem.

Iron

Iron (Fe) is a crucial trace element in seawater, playing vital roles
in the physiology and ecological dynamics of marine organisms,
including algae, corals, and microbes.

Iron is an essential micronutrient for marine life, necessary for
processes like photosynthesis, respiration, nitrogen fixation, and
DNA synthesis. Its presence in seawater is pivotal for the health
and functioning of a wide array of marine species. Iron cycles
through various forms in the ocean, influenced by redox reactions,

complexation with organic ligands, and interactions with other




metals. This cycling affects its availability and bioavailability in

marine environments. Iron enters the ocean from various sources,
including riverine inputs, atmospheric dust, hydrothermal vents,
and coastal runoff. The distribution of iron is influenced by its
complexation with organic ligands and particulate matter.

[ron is critical for the growth and photosynthesis of marine
phytoplankton. It is involved in the synthesis of chlorophyll and
the functioning of photosynthetic electron transport chains. In
high-nutrient, low-chlorophyll (HNLC) regions, iron limitation can
significantly reduce phytoplankton productivity. The availability
of iron can influence the composition of algal communities, as
different phytoplankton species have varying iron requirements,
thus shaping community dynamics.

Iron is vital for the health of symbiotic algae (zooxanthellae) within
corals. These algae require iron for photosynthesis, and iron
limitation can reduce photosynthetic efficiency and coral growth.
Moreover, iron limitation can exacerbate the effects of thermal
stress on corals, potentially contributing to coral bleaching. Iron is
essential for the antioxidant defences of corals, and its deficiency
can increase susceptibility to oxidative damage. Iron availability
also affects the early life stages of corals, including fertilisation
success and larval survival.

Marine microbes, including bacteria and archaea, have evolved
various mechanisms to acquire iron, such as the production of
siderophores—organic molecules that bind and transport iron.
These mechanisms are critical for microbial growth and metabolic

functions.




Microbes play a significant role in the biogeochemical cycling of
iron, influencing its redox state and bioavailability. I[ron-oxidising

and iron-reducing bacteria are key players in these processes.
The production of siderophores by marine bacteria, such as
Alteromonas, enhances iron acquisition from various sources,
including mineral particles and organic complexes. This process
supports microbial communities and influences marine iron
dynamics.

Nonetheless, iron doesn’t only bring benefits as excessive iron
can lead to toxicity in algae, affecting growth and metabolic
functions. High levels of iron can inhibit photosynthesis and lead
to oxidative stress in algae, impacting their overall health and
productivity.

Iron can contribute to the formation of harmful algal blooms
(HABs), which can produce toxins that are detrimental the life
in the aquarium. These blooms can also deplete oxygen in the
water, causing dead zones.

Elevated iron levels can exacerbate thermal stress in corals,
contributing to coral bleaching. Iron can promote the growth of
opportunistic pathogens and harmful algae that outcompete and
overgrow corals. High iron concentrations can also negatively
impact the photosynthetic efficiency of zooxanthellae within
corals. This can reduce the energy available to corals, impairing
their growth and resilience.

In summary, iron is a critical element in seawater, essential for the
growth and physiological functions of algae, corals, and microbes.
Its availability influences primary productivity, community structure,

and biogeochemical cycling in marine ecosystems however, in




excess can be detrimental. Understanding the role of iron and its
interactions with marine organisms is crucial for comprehending
the broader dynamics of oceanic health and resilience.

Through its fundamental involvement in essential biological
processes, iron supports the intricate web of life in marine
environments, highlighting the importance of maintaining
balanced iron levels for the health of our aquariums.

Similarly to other traces, if at the start of the H2P™ Dosing System
use, the iron level is lower than the recommended range, it is
unnecessary to correct since subsequent supply will be sufficient.
Nonetheless, monitoring iron levels should be part of a broader
strategy to ensure a balanced and thriving ecosystem.

lodine

lodine (l) is an essential trace element in seawater and likely
one of the most important traces, playing significant roles in the
physiological and ecological dynamics of marine organisms,
including algae, corals, and microbes.

lodine is crucial for various marine organisms, starting with brown
algae, particularly kelps, which are efficient accumulators of
jodine.

This element plays a pivotal role in their metabolism and defence
mechanisms. In seawater, oxidised forms of iodine, such as iodate,
exhibit bactericidal properties, helping control harmful microbial
populations.

Although phytoplankton do notsignificantly alteriodine speciation,
iodine is involved in the metabolic processes of some species,
supporting their growth and biochemical composition.




lodine also supports coral health and metabolism, involved in
their antioxidant defence mechanisms, protecting them from
oxidative stress.

Low iodine levels can also pose significant challenges to marine
ecosystems.

Nutrient deficiency due to low iodine levels can impair the
growth and metabolic functions of marine organisms, particularly
affecting phytoplankton and macroalgae, thus reducing primary
productivity. lodine deficiency can weaken the antioxidant
defence mechanisms in corals, making them more susceptible to
oxidative stress and bleaching.

Insufficient iodine can negatively affect coral growth and
reproduction, leading to weaker skeletal structures and lower
reproductive success.

Additionally, low iodine levels can increase the vulnerability of
corals and other marine organisms to pathogens, exacerbating
disease outbreaks and reef decline.

lodine deficiency can disrupt the biogeochemical cycles in
marine environments, affecting the overall health and balance of
the aquarium.

Despite its numerous benefits, high concentrations of iodine can
be toxic to marine organisms, including algae and corals, affecting
their growth and survival. Excess iodine can disrupt biochemical
processes in marine algae, leading to negative impacts on their
growth and metabolic functions.

Increased iodine concentrations, can negatively impact coral,
leading to bleaching and reduced calcification rates.

lodine is a critical element, essential for the growth and
physiological functions of algae, corals, and microbes. Its




availability influences primary productivity, community structure,
and biogeochemical cycling in marine ecosystems.

However, the balance of iodine is delicate, with both its deficiency
and excess having significant implications for habitants of the
aquarium. By maintaining appropriate iodine levels, we can
support the intricate web of life in our aquariums, ensuring the
health and diversity of their habitants.

If at the start of the H2P™ Dosing System use, the iodine level
is lower than the recommended range, we recommend using
Reef Zlements lodine to bring the level in line with 60 pg/L.
Nonetheless, monitoring and adjusting iodine levels should be
part of a broader strategy to ensure a balanced and thriving
ecosystem. lodine concentration levels should never be below
40 pg/L with the risk of coral STN and RTN.

Manganese

Manganese (Mn) is an essential trace element in seawater, playing
significant roles in the physiological and ecological dynamics of
marine organisms, including algae, corals, and microbes.

Manganese is crucial for photosynthesis in marine algae and
phytoplankton, playing a key role in the water-splitting reaction
during photosynthesis. It also functions as an essential antioxidant,
protecting marine organisms from oxidative damage by acting
as a cofactor for superoxide dismutase (SOD), an enzyme that
mitigates oxidative stress.

In corals, manganese is vital for their health and metabolic

processes, supporting growth and skeletal formation.




Manganese is involved in nutrient cycling processes carried out
by marine microbes, facilitating various redox reactions essential
for microbial metabolism.

Additionally, manganese supports the health of zooxanthellae
within corals, which are essential for coral energy production
through photosynthesis.

Manganese helps in detoxifying harmful metals such as copper
by competitive binding, thus protecting marine organisms
from metal toxicity. It also induces the proliferation of cells in
marine invertebrates, supporting their growth and regeneration
processes. Moreover, manganese plays a role in enhancing the
immune responses of marine organisms, contributing to their
defence mechanisms against pathogens.

Low manganese levels can lead to nutrient deficiencies in marine
organisms, impairing their growth and metabolic functions.
Phytoplankton and macroalgae are particularly affected.

Manganese deficiency can negatively impact the photosynthetic
efficiency of marine algae and coral phytoplankton, leading to
decreased energy production.

Insufficient manganese can affect the skeletal formation and
structural integrity of corals, leading to weaker and more brittle
coral skeletons. It can also weaken the antioxidant defence
mechanisms in marine organisms, making them more susceptible

to oxidative stress and environmental damage. Low manganese
levels can disrupt the nutrient cycling processes carried out by
marine microbes, affecting overall marine biogeochemistry and
ecosystem health.




Despite its importance, high concentrations of manganese can
be toxic to marine organisms, causing oxidative stress and
impairing metabolic functions. Excess manganese can suppress

the immune system of marine organisms, reducing their ability to
fight off infections and increasing susceptibility to diseases.

Elevated manganese levels can cause neuromuscular
disturbances in marine invertebrates, affecting their movement
and behaviour. High manganese concentrations can cause
tissue damage in corals, leading to sloughing and mortality of
coral tissues. Manganese toxicity can disrupt cellular processes
in marine organisms, leading to apoptosis, cell cycle arrest, and
other detrimental effects.

Excess manganese can impair the bactericidal capacity of marine
organisms, reducing their ability to control harmful microbial
populations. Understanding the residence time of manganese in
seawater, including aquaria, is important for managing its levels.
The residence time of manganese is relatively short, ranging
from a few hours to a few days depending on environmental
conditions and microbial activity. Manganese undergoes rapid
cycling between dissolved and particulate forms, influenced by
biological and chemical processes.

Manganese is a critical element in seawater, essential for the
growth and physiological functions of algae, corals, and microbe as
such important that a constant supply to the aquarium is available.

Similarly to other traces, if at the start of the H2P™ Dosing System
use, the manganese level is lower than the recommended range, it
is unnecessary to correct since subsequent supply will be sufficient.
Nonetheless, monitoring manganese levels should be part of a
broader strategy to ensure a balanced and thriving ecosystem.




Molybdenum

Molybdenum (Mo) is an essential trace element in seawater,
playing significant roles in the physiological and ecological
dynamics of marine organisms, including algae, corals, and
microbes. Understanding the benefits and negative impacts of
molybdenum on these organisms is crucial for comprehending its
overall influence on the aquarium ecosystem.

The concentration of molybdenum in seawater is relatively
uniform, typically ranging from 9 to 13 pg/L. Molybdenum is a
central component of nitrogenase, an enzyme crucial for nitrogen
fixation in bacteria. This process converts nitrogen into a usable
form for marine organisms, enhancing productivity. Additionally,
molybdenum is a component of nitrate reductase, an enzyme
involved in the reduction of nitrate to nitrite, a key step in the
nitrogen cycle.

The availability of molybdenum supports the growth and
metabolic functions of phytoplankton, which are crucial for
primary production in marine ecosystems. In corals, molybdenum
is vital for their health and metabolic processes, aiding in
skeletal formation and resilience against environmental stresses.
Molybdenum also facilitates various redox reactions essential
for microbial metabolism, supporting nutrient cycling processes
carried out by marine microbes.

Low molybdenum availability can inhibit nitrogen fixation in
bacteria, leading to reduced nitrogen inputs in nitrogen-limited
marine ecosystems. Molybdenum deficiency can slow the growth
rates of nitrogen-fixing bacteria and phytoplankton, negatively
impacting primary productivity. Insufficient molybdenum can
disrupt nutrient cycling processes, affecting the overall health
and balance of the ecosystem.




Despite its essential roles, high concentrations of molybdenum
can be toxic to marine organisms, causing oxidative stress and
impairing metabolic functions.

Molybdenum uptake can be inhibited by sulphate, which is
abundant in seawater, potentially limiting its biological availability
and impacting processes such as nitrogen fixation.

Changes in the molybdate ratio can affect the redox metabolism
and viability of certain microalgae, impacting their growth and
survival.

Theresidence time of molybdenum in seawater, including aquaria,
can vary but is generally influenced by its rapid cycling between
dissolved and particulate forms.

Environmental conditions and microbial activity also play a
significant role in determining its residence time; however, this
element doesn’t deplete slowly.

Insummary, molybdenumis a critical elementin seawater, essential
for the growth and physiological functions of algae, corals,
and microbes. Its availability influences primary productivity,
community structure, and biogeochemical cycling in marine
ecosystems. However, the balance of molybdenum is delicate,
with both its deficiency and excess having significant implications
for marine life.

Understanding the role of molybdenum and its interactions with
marine organisms is crucial for comprehending the broader
dynamics of oceanic health and resilience. By maintaining
appropriate molybdenum levels, we can support the intricate web
of life in marine environments, ensuring the health and diversity

of our oceans.




If at the start of the H2P™ Dosing System use, the Molybdenum
levelis lowerthanthe recommended range, we recommend using
Reef Zlements Molybdenum to bring the level in line with 15 pg/L

which albeit being a slightly higher concentration than natural
seawater it will contribute to the higher nitrogen reductase more
needed in aquaria when in comparison to the ocean.

Nonetheless, monitoring and adjusting iodine levels should be
part of a broader strategy to ensure a balanced and thriving
ecosystem.

Nickel

Nickel (Ni) is an essential trace element in seawater, playing
significant roles in the physiological and ecological dynamics of
marine organisms, including algae, corals, and microbes.

Nickel is crucial for various enzymatic processes in marine
microbes, aiding in the metabolism of essential nutrients. It
supports the growth and metabolic functions of phytoplankton,
which are vital for primary production in marine ecosystems. In
corals, nickel plays a significant role in their health and metabolic
processes, aiding in skeletal formation and providing resilience
against environmental stresses.

Low nickel availability can lead to nutrient deficiencies in marine
organisms, impairing their growth and metabolic functions. This
deficiency particularly affects phytoplankton and macroalgae,
reducing primary productivity. Insufficient nickel can also disrupt
microbial nutrient cycling processes, impacting the overall health

and balance of aquarium ecosystem.




While nickelis essential, high concentrations can be toxicto marine

organisms (typically over 5 ug/L), causing oxidative stress and
impairing metabolic functions. Elevated nickel levels can inhibit
photosynthesis in marine algae, reducing primary productivity
and affecting the food web. High concentrations of nickel can
also cause tissue damage in corals, leading to bleaching and
mortality.

The concentration of nickel in seawater varies but is generally
found in concentrations <1 pg/L, influenced by factors such as
water chemistry and biological activity.

Nickel is a critical element in seawater, essential for the growth
and physiological functions of algae, corals, and microbes. Its
availability influences primary productivity, community structure,
and biogeochemical cycling in marine ecosystems. However, the
balance of nickel is delicate, with both its deficiency and excess
having significant implications for marine life. Understanding the
role of nickel and its interactions with marine organisms is crucial
for comprehending the broader dynamics of oceanic health
and resilience. By maintaining appropriate nickel levels, we can
support the intricate web of life in marine environments, ensuring
the health and diversity of our oceans.

If at the start of the H2P™ Dosing System use, Nickel level is
lower than the recommended range, we recommend using Reef
Zlements Nickel to bring the level in line with 2.5 ug/L which
albeit being a slightly higher concentration than natural seawater
it will contribute to the metabolic functions of corals. Nonetheless,
monitoring and adjusting nickel levels should be part of a broader

strategy to ensure a balanced and thriving ecosystem.




Rubidium

Rubidium (Rb) is a trace element found in seawater, playing roles
in the physiological and ecological dynamics of marine organisms,
including algae, corals, and microbes.

Rubidium is taken up by marine organisms and is involved in
their metabolic processes, although its specific functions are not
as well-defined as those of other trace elements. The availability
of rubidium supports the growth and metabolic functions of
phytoplankton, contributing to primary production in the ecosystem.
In corals, rubidium is present and may play a role in their metabolic
processes and skeletal formation as anecdotally through empirical
observation colour changes have been noted.

Low rubidium availability can lead to nutrient deficiencies in
marine organisms, impairing their growth and metabolic functions.
Phytoplankton and macroalgae are particularly affected, which can
reduce primary productivity and impact the entire marine food web.

The concentration of rubidium in seawater is generally around 120
1g/L, with relatively uniform distribution across different oceanic
regions and depths. This uniformity helps maintain the stability
of marine ecosystems by providing a consistent presence of this
trace element.

Rubidium, while not as well-studied as some other trace elements,
plays roles in the growth and physiological functions of algae,
corals, and microbes. Its availability can influence primary
productivity, community structure, and biogeochemical cycling in
marine ecosystems.

Similarly to other traces, if at the start of the H2P™ Dosing System
use, the rubidium level is low, it is unnecessary to correct since
subsequent supply will be sufficient.




Selenium

Selenium (Se) in seawater plays significant roles in the physiology and
ecology of marine organisms like algae, corals, and microbes.

Selenium primarily exists as selenite, selenate, and organic selenide,
with organic selenide dominant in surface waters and selenite/
selenate in deeper oceanic waters. Coastal waters also have organic
forms like seleno amino acids. Methylation by microorganisms
creates volatile selenium compounds, crucial for its biogeochemical
cycling. Selenium is vital for phytoplankton and zooxanthellae growth.
Phytoplankton prefer selenite over selenate, incorporating it into
proteins and amino acids.

Seleniumenhancesantioxidantdefences, protectingmarineorganisms,
including corals from oxidative damage. It supports the growth and
metabolic functions of kelp, corals and phytoplankton. Selenium in
microalgae aids growth and valuable compound production, while its
presence in marine biofilms supports microorganism growth.

High selenium concentrations can be toxic, causing oxidative stress
and metabolic disruptions in marine organisms.

In summary, selenium is crucial for the growth and metabolic functions
of marine organisms, affecting productivity, community structure, and
biogeochemical cycling. Maintaining balanced selenium levels is vital
for marine ecosystem health and resilience, ensuring the diversity
and health of our oceans.

Similarly to other traces, if at the start of the H2P™ Dosing System
use, the selenium level is lower than the recommended range, it
unnecessary to correct since subsequent supply will be sufficient —
more on this below. Nonetheless, monitoring selenium levels should
be part of a broader strategy to ensure a balanced and thriving
ecosystem.




Silicon

Silicon (Si) plays a critical role in the physiological and ecological
dynamics of marine organisms, especially diatoms and sponges.

Silicon is essential for the growth and productivity of marine
diatoms, which significantly contribute to marine primary
production and carbon cycling. Diatoms convert dissolved
silicon into biogenic silica, influencing oceanic silicon and
carbon cycles. The regeneration of biogenic silica is crucial for
the supply of dissolved silica to diatoms, with microbial activity
playing a fundamental role in this process. Some marine algae
accumulate significant amounts of silicon, which may influence

competition among phytoplankton species.

Sponge skeletons serve as a significant sink for silicon in the
ocean, contributing to the global silicon cycle. Sponges and
radiolarians facilitate silicon burial through their siliceous
skeletons, with sponges being particularly effective due to their
resistance to dissolution.

Silicon enrichment enhances cadmium tolerance in marine
diatoms by promoting better silification of cell walls, aiding
in managing cadmium toxicity. Silicon also influences the
expression of metal transporters, aiding in metal detoxification.
The availability of silicon affects metal sensitivity in diatoms, with
silicon-starved diatoms showing reduced tolerance to metals
like cadmium, copper, and lead.

Silicon supports the growth and structural integrity of corals by

contributing to their skeletal formation. It plays a role in nutrient




cycling within coral ecosystems, supporting the growth of

diatoms and other silicon-dependent organisms crucial for reef
productivity. Silicon aids in enhancing the stress resistance of
corals by contributing to their antioxidant defences, helping them
cope with oxidative stress and other environmental challenges.
Additionally, silicon influences the health of symbiotic algae
within corals, supporting their photosynthetic efficiency and
overall productivity.

Silicon limitation in seawater impairs the growth and health of
diatoms, leading to reduced primary productivity and affecting
the entire marine food web. This limitation also makes diatoms
more susceptible to pollutants like microplastics and facilitates
viral infections, increasing their mortality rates and impacting
the silicon and carbon cycles. High concentrations of silicon
nanoparticles can be toxic to other marine microalgae, causing
growth inhibition and cellular damage. Disrupted silicon
availability can alter the metal sensitivity of marine diatoms,
making them more vulnerable to metal toxicity.

Siliconisanimportantelementformarine ecosystems, influencing
primary productivity, nutrient cycling, and the health of marine
organisms. Albeit some silicon being needed in the aquarium,
reputable salt brands contain silicon in higher quantities that
what is found in the sea, so silicon supplementation is not
required, except in particular circumstances which are not within
the scope of this manual. Keeping silicon between 100 pg/L and

300 pg/L is recommended for a healthy aquarium ecosystem

whilst minimising diatom blooms/outspread.




Vanadium

Vanadium (V) is a significant trace element in seawater, playing
an extremely important role in the physiological and ecological
dynamics of marine organisms, including algae, corals, and
microbes. It is the second most abundant transition metal in
seawater, mainly existing as vanadate (VO,*). Its levels fluctuate
with seasons and redox conditions, affecting its bioavailability.
Vanadium undergoes redox cycling between VO,* and vanadyl
(VO?#), with anoxic conditions promoting reduction to vanady!.

This element plays a vital role in marine macroalgae, where
vanadium-dependent haloperoxidases facilitate halogenation
reactions. Various bacteria use vanadium compounds for nitrogen
fixation and bioremediation, contributing to nutrient cycling.

Vanadium enhances antioxidant defences in marine organisms,
protecting against oxidative damage including of corals. It supports
growth and development, particularly in corals, and plays a role in
nutrient cycling, benefiting reef aquariums. Vanadium-dependent
enzymes enhance metabolic functions and photosynthetic
efficiency in symbiotic algae, aiding coral health. Vanadium
compounds are useful in bioremediation, reducing pollutants’
toxicity, and enhancing stress responses, tissue repair, immune
functions, and symbiotic relationships in corals.

Despite, its benefits in high concentrations, vanadium is however
toxic, causing oxidative stress and metabolic disruptions. Exposure
to highlevels canleadto developmental toxicity in marine embryos,

inhibiting essential enzymes, and causing bioaccumulation with
long- term ecological impacts. Vanadium can disrupt calcium
uptake, affecting biomineralisation and skeletal formation.




Vanadium’s residency time in seawater varies with its redox

state and conditions. Generally, it has a long residency time,
often ranging from several years to decades, due to complex
biogeochemical cycling and interactions with particulate matter.

Vanadium is a crucial trace element in the aquarium ecosystem,
influencing primary productivity, nutrient cycling, and the health
of marine organisms. Its availability and balance are essential for
maintaining ecosystem health and resilience.

Similarly to other traces, if the vanadium level is lower than the
recommended range at the start of the H2P™ Dosing System
use, it is unnecessary to correct since subsequent supply will be
sufficient — more on this below. Nonetheless, monitoring vanadium
levels should be part of a broader strategy to ensure a balanced
and thriving ecosystem.

Zinc

Zinc (Zn) is a trace element that plays crucial roles in the
physiological and ecological dynamics of marine organisms,
including algae, corals, and microbes.

Zinc in seawater exists primarily as free ions and complexed
with organic and inorganic ligands. It is involved in various
biogeochemical processes, influencing the chemistry of essential
elements like phosphorus and silicon. Zinc speciation includes
dissolved and particulate forms, with bioavailability affected by
pH, salinity, and organic matter presence. Zinc is essential for
phytoplankton growth, acting as a cofactor in enzymes involved

in carbon and phosphorus cycles.




In oligotrophic waters, zinc exhibits a nutrient-like profile, with

concentrations decreasing with depth due to biological uptake
and recycling.

Zinc serves as a cofactor for alkaline phosphatase, crucial for
phosphorus acquisition in marine organisms including corals. It
interacts with other metals like copper and cadmium, influencing
their toxicity and bioavailability. Zinc plays a significant role in
microbial ecosystems, aiding in the degradation of dissolved
organic matter (DOM) and structuring microbial communities.
Marine organisms, such as crabs and fish, can bioaccumulate
zinc, leading to potential toxic effects.

Zinc enhances antioxidant defences in marine organisms,
including corals, protecting them from oxidative damage. It
supports coral growth and development by acting as a cofactor
for enzymes involved in metabolic processes. Zinc-dependent
enzymes support various biochemical reactions necessary for
coral health and resilience. Zinc plays a role in nutrient cycling
within coral ecosystems, supporting zooxanthellae and can
enhance the photosynthetic efficiency of the symbiotic algae,
supporting coral energy production and health. Zinc modulates
stress responses in corals, aiding in coping with environmental
changes and reducing stress impacts. It supports tissue repair
and regeneration, enhancing corals’ recovery from damage. Zinc
enhances immune functions, helping corals resist infections and
diseases. It supports symbiotic relationships between corals and
their algae, crucial for coral health and resilience. Zinc-dependent
enzymes contribute to corals’ resilience and adaptability to

changing conditions.




On the other hand, high concentrations of zinc can be toxic

to marine organisms, causing oxidative stress and metabolic
disruptions. Excessive zinc can inhibit phytoplankton growth and
photosynthetic efficiency, impacting primary productivity. Zinc
bioaccumulation in marine organisms can lead to toxic effects,
including oxidative stress and metabolic imbalances. High
levels can induce oxidative stress, affecting health and survival
of corals. Zinc can interfere with calcium uptake, disrupting
biomineralisation and skeletal formation. It can alter microbial
community composition and function, affecting nutrient cycling.

Zinc is, in summary, crucial for the aquarium ecosystems,
influencing nutrient cycling, and the health of marine organisms
including corals. Its availability and balance are essential for
maintaining ecosystem health and resilience.

If at the start of the H2P™ Dosing System use, Zinc levels are
lower than the recommended range, we recommend using Reef
Zlements Zinc to bring the level in line with 5 pug/L. Nonetheless,
monitoring and adjusting nickel zinc should be part of a broader
strategy to ensure a balanced and thriving ecosystem.

Nutrients

Nutrients play a critical role in the health and stability of reef
aquaria. They influence the growth of corals, algae, and the overall
microbial ecosystem. Proper management of nutrients such as
dissolved organic carbon (DOC), nitrogen, phosphorus, and trace

elements are essential for maintaining a balanced environment

that supports the diverse life forms within a reef tank.




Understanding nutrients, their importance and impact is key for

allowing the proper nutrient management that supports coral
growth, controls algae proliferation, and maintains a healthy
microbial balance.

Dissolved Organic Carbon (DOC)

Dissolved Organic Carbon (DOC) is a critical component of
the marine nutrient cycle and plays a significant role in reef
ecosystems. It consists of organic molecules dissolved in water,
originating from a variety of sources, including the decay of plant
and animal matter, excretions from marine organisms, and the
leaching of organic compounds from terrestrial sources. In the
case of aquaria, it originates mainly from food, nutritional and
carbon dosing supplements with a smaller amount originating
from environmental contaminants that make household dust (i.e.
dead skin cells, fibres from clothing and furniture, hair, pollen,
and particulate matter from outdoor air).

DOC benefits reef aquariums by serving as a vital energy
and carbon source for heterotrophic bacteria and other
microorganisms, thus supporting the microbial loop that converts
DOC into biomass consumed by higher trophic levels. It enhances
coral health by influencing the metabolism of corals and their
symbiotic algae, helping corals meet their metabolic needs during
low photosynthetic activity. Additionally, DOC contains organic
compounds that act as chemical signals, affecting the behaviour

and physiology of marine organisms.




However, excessive DOC can have profoundly negative impacts.

It can lead to nutrient enrichment or eutrophication, promoting
the overgrowth of algae and cyanobacteria that outcompete
corals for light and space.

High DOC levels can stimulate microbial activity, increasing
oxygen consumption and potentially leading to hypoxic
conditions detrimental to aerobic organisms. Elevated DOC can
also enhance the growth of pathogenic bacteria, raising the
likelihood of disease outbreaks in corals. Furthermore, changesin
DOC concentrations can alter microbial community compositions,
affecting nutrient cycling and overall reef health.

In conclusion, DOC is essential for reef ecosystems, providing
nutrients and supporting coral health. Yet, excessive DOC can
cause eutrophication, oxygen depletion, and increased disease
susceptibility. Therefore, using a moderate carbon dosing
regimen and good husbandry is key to maintaining balanced
DOC levels which are crucial for reef aquarium ecosystem health
and stability.

Nitrate

While elevated nitrate levels pose significant challenges to
coral health, nitrates are also essential nutrients for corals and
other marine organisms. In balanced concentrations, nitrates
contribute to the overall health and growth of corals by providing
a critical source of nitrogen necessary for the synthesis of amino
acids and proteins in both corals and their symbiotic algae,
zooxanthellae.




Moderate nitrate levels support the metabolic needs of
zooxanthellae, promoting photosynthesis and the production
of organic compounds that provide energy to corals. Adequate
nitrate concentrations help maintain the symbiotic relationship
between corals and zooxanthellae, enhancing coral growth
and resilience. Furthermore, nitrates can stimulate the growth
of beneficial microbial communities within the coral holobiont,
contributing to nutrient cycling and overall reef health.

Conversely, environments with excessively low nitrate levels
can impair coral health. Nitrate depletion can limit the growth
and photosynthetic efficiency of zooxanthellae, reducing the
energy available to corals. This can lead to stunted growth,
reduced reproduction rates, and increased susceptibility to
environmental stressors. In a nitrate-depleted environment,
corals may struggle to compete with other organisms for limited
nutrients, weakening their overall resilience.

Despite the essential role of nitrates, elevated levels can have
detrimental effects on corals. High nitrate concentrations can
disrupt the delicate balance necessary for coral health.

Elevated nitrate levels stimulate the growth and density of
zooxanthellae. While this can enhance photosynthesis, it leads
to an imbalance where zooxanthellae consume more available
CO, for photosynthesis. This reduces the CO2z available for coral
calcification, leading to decreased skeletal growth and weaker
coral structures. High nitrate levels directly interfere with coral
calcification. The increased uptake of CO2 by zooxanthellae
for photosynthesis leaves less COz for corals to use in forming
their calcium carbonate skeletons. Over time, this can result in
thinner, more fragile skeletons, making corals more susceptible
to physical damage and reducing their overall growth rates.




When combined with elevated temperatures, high nitrate
levels can exacerbate coral bleaching. Bleaching occurs when
the symbiotic relationship between corals and zooxanthellae
breaks down, usually due to stress factors like increased
temperatures, coral transport, increased light exposure, etc.
Elevated nitrate levels contribute to this stress by increasing
oxidative stress within coral tissues, reducing their aerobic
scope and making them more vulnerable to bleaching. High
nitrate levels impact coral physiology by disrupting nutrient
cycling within the coral holobiont. This imbalance can interfere
with metabolic processes, reduce energy allocation for growth
and reproduction, and compromise the coral’s ability to regulate
its internal environment. These physiological disruptions can
weaken corals and reduce their resilience to environmental
stressors.

To mitigate the adverse effects of elevated nitrate levels,
effective nutrient management strategies are essential.
Managing feeding practices to ensure food is consumed quickly
and does not decompose in the water helps control nitrate
levels. Overfeeding can contribute to excess nutrient levels in
the aquarium.

In summary, maintaining optimal nitrate levels is critical for coral
health and the overall stability of the reef aquarium and while
nitrates are essential nutrients that support coral growth and
metabolic functions, elevated levels increase zooxanthellae
density, reduce skeletal growth, exacerbate bleaching, and
alter coral physiological responses. By implementing effective
nutrient management strategies, that keeps nitrate levels within
our recommend levels, aquarists can mitigate these adverse
effects, promoting healthier and more resilient corals.




Phosphate & Orthophosphate

Phosphate (PO,) is an ion that consists of one phosphorus atom
surrounded by four oxygen atoms in a tetrahedral arrangement.

Phosphate is a crucial nutrient in reef aquariums, predominantly
in the orthophosphate form (PO4* ) or more correctly as soluble
reactive phosphorus (SRP), playing a significant role in the health
and growth of corals. It is essential for various biological processes
and both excessive and insufficient levels can adversely affect
coral growth, skeletal density, and overall reef health.

Phosphates are necessary for numerous cellular functions,
including the synthesis of nucleic acids and ATP, which are vital
for energy transfer and storage in all living organisms. In balanced
concentrations, phosphates support the metabolic needs of corals
andtheirsymbiotic algae, zooxanthellae, promoting photosynthesis
and energy production. However, phosphate deficiency can be
as detrimental as excess levels. In corals, phosphate deficiency
can lead to bleaching and reduced growth rates. Corals exposed
to imbalanced nitrogen-to- phosphorus ratios exhibit severe
symbiotic malfunction, loss of biomass, and bleaching, indicating
that phosphate is crucial for maintaining healthy symbiotic
relationships with zooxanthellae and preventing bleaching.

High phosphate levels inhibit coral skeleton formation by interfering
with the process of aragonite CaCO3 formation, which is crucial
for coral skeleton development. Research on juvenile Acropora
digitifera has demonstrated that elevated phosphate levels inhibit
both in vitro and in vivo aragonite formation, leading to weaker and
less dense skeletons. High phosphate levels further stress corals

when combined with elevated temperatures and low pH.




Studies indicate that such combined stressors reduce phosphate
uptake and photosynthesis, exacerbating the negative impacts
on coral health. The combined effect of thermal stress and high

phosphate levels can lead to increased oxidative stress and
reduced calcification rates. Elevated nutrient levels, including
phosphates, can lead to eutrophication, promoting algal blooms
that compete with corals for light and space. This competition can
reduce coral calcification rates and overall health. Algal overgrowth
not only shades corals but also produces allelopathic compounds
that inhibit coral growth and survival.

Phosphate stress affects the photosynthesis of symbiotic algae
in corals. In Acropora species, elevated phosphate levels have
been shown to reduce the photosynthetic efficiency and density
of zooxanthellae, impacting the overall health and resilience of the
coral.

To mitigate the adverse effects of elevated phosphate levels,
effective nutrient management strategies are essential. Maintaining
optimal phosphate levels is critical for coral health and the overall
stability of reef aquarium ecosystems.

In summary, while phosphates are essential nutrients that support
coral growth and metabolic functions, elevated levels can inhibit
coral skeleton formation, exacerbate stress factors, and promote
algal blooms.

Conversely, phosphate deficiency can lead to bleaching and
reduced coral growth. By implementing effective nutrient

management strategies, aquarists and conservationists can
mitigate these adverse effects, promoting healthier and more
resilient coral reefs.




Nonetheless, before concluding it is important to understand that,

there are several types of phosphate, including orthophosphate,
pyrophosphate, polyphosphate and organically-bound phosphate
and with that said when using a ICP test to obtain a phosphate
measurement we need to note that given that an ICP instrument
measures phosphorous which is then mathematically converted
into phosphate and not phosphate directly, this represents
total phosphate instead of orthophosphate which is the form of
phosphate that home test kits are able to measure.

Nonetheless, wusing a different analytical technique like
colourimetry, using a UV-vis spectrophotometer will allow a
professional laboratory like the Reef Zlements ICP lab to provide
you an accurate measurement of orthophosphate.

Amino Acids

Amino acids are fundamental organic compounds crucial for the
health and growth of corals. These building blocks of proteins are
essential for various physiological processes within coral tissues
and their symbiotic relationships with zooxanthellae.

Amino acids are the basic units of proteins, which are vital for the
structure and function of coral tissues. They are involved in skeletal
formation, tissue repair, and enzymatic activities, supporting coral
growth and development. Amino acids contribute to the growth
of coral polyps and overall tissue expansion, playing a role in the
production of the organic matrix necessary for calcium carbonate
deposition, crucial for skeletal growth.

Amino acids can also be metabolised to provide energy for various
cellular processes, particularly when photosynthetically derived
energy from zooxanthellae is insufficient.




They help corals cope with environmental stressors such as
temperature fluctuations, UV radiation, and pollution by synthesising
stress proteins and antioxidants, aiding in tissue repair and
enhancing resilience to physical injuries and disease.

Aminoacidsplayacriticalroleinthenutrientexchangebetweencorals
and their symbiotic zooxanthellae. Corals provide zooxanthellae
with carbon dioxide and nutrients, while zooxanthellae supply corals
with glucose, glycerol, and amino acids through photosynthesis.

Corals obtain amino acids from various sources. Heterotrophic
feeding on plankton and organic matter provides a rich source of
amino acids, especially in nutrient-poor waters. Corals can also
absorb dissolved free amino acids directly from the surrounding
seawater, facilitated by specific transport mechanisms in their
epithelial cells. Symbiotic zooxanthellae produce non-essential
amino acids as byproducts of photosynthesis, which are transferred
to the coral.

Providing a readily available source of essential amino acids that
may be limited in captive environments like an aquarium is proven
to be beneficial. However, excessive supplementation of amino
acids can lead to nutrient imbalances, promoting undesirable
algal growth and negatively impacting water quality. High levels of
dissolved organic compounds, including amino acids, can increase
the organic load in the water, necessitating efficient filtration and
regular water changes to maintain optimal conditions.

In conclusion, amino acids are indispensable for coral health and
growth, serving as the building blocks of proteins, supporting
metabolic processes, enhancing stress responses, and facilitating
symbiotic relationships. Understanding their sources and roles can
help reef aquarists and marine biologists maintain and support
thriving coral ecosystems.




Vitamins

Vitamins are essential organic compounds that play vital roles in
various physiological processes within corals, such as growth,
reproduction, immune function, and overall health. Acting as
coenzymes or precursors for crucial metabolic reactions, vitamins
are as important to corals as they are to other organisms.

Vitamins significantly contribute to the growth and development
of corals. Vitamin C (CgHgOg), also known as ascorbic acid, is
critical for collagen synthesis, essential for the structural integrity
of coral tissues and skeletons, and aids in tissue healing and
repair. Vitamin D (D2 known as ergocalciferol CH, O and D3
also known as cholecalciferol C,H,,0), though less studied in
corals, is believed to be involved in calcium metabolism and

skeletal formation, mirroring its role in vertebrates.

In terms of immune function, vitamins are indispensable. Vitamin
C acts as an antioxidant, protecting coral tissues from oxidative
stress induced by environmental factors such as UV radiation,
pollution, and pathogens. Similarly, Vitamin E helps protect cell
membranes from oxidative damage, thereby supporting the
coral’'s immune system.

Vitamins also play crucial roles in photosynthesis and symbiosis.
Vitamin B12 i.e. cobalamin (CesHggsCoN;14,O14P) is important for
the metabolism of symbiotic zooxanthellae, which perform
photosynthesis and provide nutrients to the coral host, supporting
the health and growth of these symbionts.

For reproduction, Vitamin A known as retinol (C,oH300) is crucial
for gamete development and larval growth, and it plays a role
in cellular differentiation and proliferation. Folic acid (Vitamin
B9 - CioH19N,Og) is essential for DNA synthesis and cell division,
critical during the development and settlement of coral larvae.




Vitamins also aid in stress response and recovery. Vitamins C and
E (i.e. a-tocopherol C,9Hs5005,) help corals recover from physical
damage and environmental stressors by enhancing antioxidant
defences and promoting tissue repair.

Corals obtain vitamins from various sources, naturally, they
capture planktonic organisms rich in vitamins and other essential
nutrients. They can also absorb dissolved vitamins directly from
seawater, which comes from the excretion of marine organisms,
decomposition of organic matter, and terrestrial runoff. Symbiotic
zooxanthellae within coral tissues can synthesise certain vitamins
and provide them to their coral hosts, maintaining a mutualistic
relationship essential for their health. Providing a readily available
source of vitamins that may be limited in captive environments
like an aquarium has proven to be beneficial.

However, over-supplementation of vitamins can lead to nutrient
imbalances, promoting undesirable algae growth and affecting
water quality. The effectiveness of vitamin supplementation
also depends on the formulation and delivery method, as not all
vitamins are equally bioavailable in different forms. Like with the
other nutrients, high levels of vitamins can increase the organic
load in the water, necessitating efficient filtration and maintaining
optimal conditions.

In conclusion, vitamins are indispensable for the health, growth,
and reproduction of corals. They play critical roles in protein
synthesis, immune function, photosynthesis, and stress response.
Understanding the functions of vitamins can help reef aquarists
and marine biologists support thriving coral ecosystems through
balanced nutrition and effective supplementation.
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CONCLUSION

The new Reef Zlements H2P™ dosing system signifies a remarkable
advancement in aquarium care, providing unparalleled precision and
automation.

By combining chemicals that have been formulated based on
scientifically proven knowledge and research with robust professional
testing and innovative technology, it simplifies the complex task of
maintaining optimal water chemistry which is essential to achieving
an amazing reef aquarium. The seamless integration of the D-D KH
Manager, the P4 Pro dosing pump, and the sophisticated H2P™ system
ensures a stable, healthy, and thriving aquarium environment.

Whether you are an experienced reefer or new to the hobby, this
innovative system empowers you to achieve and maintain ideal
alkalinity, pH and elemental levels effortlessly.

We trust this manual along our professional testing laboratory
provides you with the necessary guidance to effectively utilise the
H2P™ dosing system in its full capabilities to keep a successful and
longstanding reef aquarium. By following the outlined procedures
and recommendations, you can ensure the longevity and success of
your reef aquarium. Embrace this innovative solution and enjoy the
benefits of a meticulously balanced and vibrant aquarium.

On behalf of the whole RZ team, | thank you for choosing and
trusting Reef Zlements.

Jose Duarte

Reef Zlements CEO
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